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Dimensions of 16-Mm Film 
in Exchanges 


By A. C. ROBERTSON 


' A survey has been made of the width, variation in width, and shrinkage of 
16-mm film in a number of exchanges. These data are of use to designers of 
16-mm equipment in describing the dimensions of film currently being used, 
and to purchasers of film in giving them some idea of the steadiness character- 


istics the film might possess. 


4 PRESENT USE of 16-mm motion 
picture film as a professional medium re- 
quires that it give the best possible pic- 
ture quality. The film must be manu- 
factured carefully and handled equally 
carefully in each subsequent step in 
order to assure optimum performance. 
When this film is projected for large 
audiences, the magnification often is 
greater than that used for 35-mm film; 
therefore, for equal steadiness, the dimen- 
sional requirements are very severe. A 
new and exacting field of use is that of 
television broadcasting. 

This paper is concerned with the di- 
mensional characteristics of 16-mm 
film, particularly the width, variation in 
width, and to some extent, the shrinkage. 
Variations in width are often connected 
with comments about lateral unsteadi- 


ness of television images in programs us- 


Presented on October 17, 1951, at the 
Society’s Convention in Hollywood, by 
A. C. Robertson, Manufacturing Experi- 
ments Div., Eastman Kodak Co., Kodak 
Park Works, Rochester 4, N.Y, 
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ing motion picture film for their subject 
matter. More often than not, this 
trouble is associated with 16-mm film 
made by slitting 32-mm film after proces- 
sing. Since it was known in the begin- 
ning when Debrie introduced the use of 
32-mm film, that the slitting after proc- 
essing might be inaccurate, 32-mm film 
was made narrower than two strips of 
16-mm films.! In fact, the first film was 
1.252 in. in width and allowed about 
0.005 in. for variation in slitting. This 
allowance was decreased to 0.001 in. 
later. 

The exact magnitude of the slitting 
irregularities and their effects on the pro- 
jected image have frequently been dis- 
cussed, particularly in connection with 
the choice of the side of the film which is 
to be used in guiding in the picture aper- 
ture. Most of the discussions have been 
qualitative only, and the purpose of this 
report is to give as many definite measure- 
ments as possible in order to assist the 
formation of sound judgments in future 
discussions. 
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Fig. 1. Width gauge for use in the field. 


Fig. 2. Width gauge for 
use in factory. for rapid measuring. 
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Fig. 3. Dial-indicator gauge 
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16MM FROM 32MM 


PER CENT FREQUENCY 


16MM FROM I6MM STOCK 


2 3 THOUSANDTHS 
Fig. 4. Variations in width. 


LABORATORY B 


LABORATORY C 


PER CENT FREQUENCY 


LABORATORY D 


| 


' 2 3 THOUSANDTHS 
Fig. 5. Variations in width. 
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PRODUCTION DATA 
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Fig. 6. Maximum width of 16-mm films. 


It is not easy to obtain reliable, repre- 
sentative, measurements which truly 
represent trade conditions. It is well 
nigh impossible for one person to do it, 
and hence a joint effort is necessary. 
These measurements were taken, thanks 
to the cheerful permission given by dis- 
tributors, in a number of exchanges 
thought to be representative of general 
conditions. In most cases, it was pos- 
sible to learn which laboratory processed 
the film, and the data are also reported 
on that basis. The question might be 
asked—why did we not make the 
measurements at the laboratories? Nat- 
urally, the answer is that the sampling 
would give misleading results. The per- 
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formance of the laboratory might appear 
to be unusually good or bad, depending 
on the conditions of the moment. 
Sampling at the exchanges automatically 
gave us an opportunity to examine films 
processed at many different dates, and 
thus prevents a bias in the results. There 
remains an unfavorable bias in the data, 
if one will call it a bias, to have some films 
which have been projected more often 
than other films. This situation seems 
normal and almost inevitable, since most 
old films have had more opportunity to 
be projected than new films. 
Measurements were made in seven ex- 
changes in recent months, and were com- 
bined with data obtained in seven other » 
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MAXIMUM = 0.6291 IN, 
MINIMUM 0.6262 IN. 
AVERAGE = 0.62855 IN. 
NO. SAMPLES = 384 


FREQUENCY 
A.S.A. LOWER LIMIT 


‘A.S.A. UPPER LIMIT 


MAXIMUM WIDTH IN INCHES 
Fig. 7. Maximum width of 16-mm film, slit in Kodak Park, November, 1950. 


exchanges during the period covering 
1945-1950. 

These data may be used for design pur- 
poses, which will include a choice of 
dimensions for projector sprockets.? Ac- 
cordingly, the data on film shrinkages col- 
lected during the survey are included so 
one can have at hand data representa- 
tive of the film currently found in ex- 
changes. One easily available survey 
describes conditions in 1938.8 


Methods of Measurement 


Information bearing on troubles caused 
by wide film is obtainable directly by 
simple measurements. In Fig. 1 is 
shown a.width gauge for use in the field. 
It is simply a series of ““go” and “‘no-go” 
gauges, and is often called a “spool” 
gauge because of its resemblance to a 
number of spools on a stick. It can be 
used to measure film from 0.620 to 0.630 
in. in steps of 0.001 in. A similar, 
larger, gauge for use in the factory is 
shown in Fig. 2. It measures by steps of 
0.0005 in., which values can be further 
divided by the sense of touch. These 
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gauges have solid hard surfaces and, 
therefore, are most reliable in determin- 
ing actual width; however, they are not 
rapid in use. The dial-indicator gauge 
in Fig. 3 is more rapid in use, and is par- 
ticularly useful in determining the peri- 
odic variation in width that we some- 
times call “drunkenness.” The gauge 
has moving parts and therefore must be 
maintained carefully if one is to be sure 
of the exact value of the maximum or 
minimum width. This requirement de- 
mands regular checking with a carefully 
made standard ring. Also, one must 
guard against wear, which forms grooves 
where the film bears on the measuring 
surfaces. 
Variation in Width of Film 

Now let us look at some of the results 
of the survey. It is generally felt that a 
variation in the width of the film in a 
regular, cyclic pattern, gives bad results 
on the screen. There is lateral motion 
which is soon recognized by the viewer, 
who soon begins to follow the motion to 
the disadvantage of the show. 
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MAXIMUM WIDTH, THOUSANDTHS 
Fig. 8. Maximum widths. 


The effect of cyclic variation in width 
of the film upon projection quality is not 
as easy to measure as the effect of some 
other defects. It was obviously imprac- 
tical to rate the films examined in the ex- 
changes for projection steadiness by jury, 
much less by our steadiness meter; there- 
fore, we had to judge the quality of this 
film by the available mechanical meas- 
urements, although we know that under 
some circumstances apparently nonuni- 
form film can give uniform, i.e., steady 
results, if conditions can be arranged so 
as to secure “cancellation” of errors. 

The cancellation of errors by use of 
exactly identical design of corresponding 
parts in the equipment used for taking 
and projecting amateur films is well 
_ understood by a number of people but 
_ has not been widely discussed, probably 
| because it has been taken for granted by 
the few people involved. The effect of 
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cancellation is appreciable. Actually it 
is easier to show and to explain cancella- 
tion in the case of vertical unsteadiness 
than it is for the case of the lateral un- 
steadiness discussed thus far. In the 
case of vertical unsteadiness the condi- 
tions for cancellation are satisfied when 
the projector has the claw-to-aperture‘ 
distance the same as this relationship in 
the camera. This demonstration is 
easiest to make and to explain with films 
which are camera originals but it can 
also be done with prints. Robert P. 
Shea gave an interesting discussion of 
the complications introduced in making 
optical prints in his talk presented before 
the Society at the 1950 Lake Placid 
meeting. 

In general, “cancellation” cannot be 
depended upon, considering the indus- 
try as a whole, because it depends upon 
making camera, printer, if any, and pro- 
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16MM FROM 32MM 


MAXIMUM= 0.6361 IN. 
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Fig. 9. Adjusted widths at 90% relative humidity. 


jector essentially the same in detailed 
design. ‘There are so many units (and 
so many conditions) present in the trade 
at the present time that conditions do not 
allow cancellation through identical de- 
sign. Therefore we feel, in general, that 
nonuniform film will give unsteady 
images on the screen. In passing, it is 
worth noting that some people feel that 
it is improvident to drop all ideas of using 
cancellation in professional production 
and are suggesting the subject as a pos- 
sible topic for standardization. 

To return: Figure 4 shows the varia- 
tion in width of 16-mm film including all 
the measurements which were made. 
The upper diagram shows the variation 
for 16-mm made from 32-mm film and 
the lower one the variation for film of 
our manufacture made as 16-mm. For 
best results the variation in width should 
be small, that is, the values should fall 
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at the left of the diagram. For some 
time Kodak 32-mm positive film has 
carried a dot after the word “Safety” 
in the legend “Kodak Safety Positive” 
in order to identify its kind. 

The dotted vertical line on the right 
part of the graph is set at 0.0020 in. and 
represents the most liberal interpretation 
of the ASA specifications. We know this 
value is too great. Very few people see- 
ing film which is as unsteady as this, for 
the second time, will agree that it posses- 
ses desirable qualities. The line on the 
left at 0.0010-in. variation seems to con- 
stitute a useful compromise as a tolerable 
limit for lateral movement, though values 
as low as 0.0008 in. have been recom- 
mended.§* Twenty-one per cent of 
conventional film exceeds the 0.001-in. 
limit, as does 79% of the 16-mm film 
made from 32-mm film. Some of the 
variations in width seem to come from 
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handling, since the values for the varia- 
tion in width of film found in exchanges 
are appreciably greater than we would 
have predicted on the basis of factory 
measurements. 

Note that only 14% of conventional 
16-mm film lies above the ASA line. 
However, 24% of the 32-mm film ex- 
ceeds this value, and much of it would be 
expected to be excessively unsteady. A 
good portion of this variation presumably 
is controllable because there is a differ- 
ence between laboratories, as shown in 
' Fig. 5. Accordingly, it is reasonable to 
hope that the laboratories having the 
wider spreads can reduce them to the 
narrowest spread observed. 


(A demonstration reel was projected which 
Showed the unsteadiness of the screen image 
produced by variations in width of different 
extents. It was pointed out that the 16-mm 
pictures were not made from 32-mm film, but 
were selected from an unofficial museum of 
defects kept for the purpose of eye calibration.) 


A certain need for improvement in the 
dimensions and consequently the be- 
havior of some 16-mm film made by the 
32-mm process is made clear by these 
measurements. The procedure by which 
improvement is to be obtained is not so 
clear. Proposals have been made to the 
Standards Committee of the Society for a 
standard describing 16-mm film made by 
the 32-mm process. The proposal was 
not entertained because most of the mem- 
bers of the Standards Committee felt 
that it did not matter how the film was 
made. Indeed the user need not, and 
may not, know how the film is produced; 
therefore, the film should meet the appro- 
priate ASA specifications. In view of 
the fact that this specification is lenient, 
it actually devolves upon the purchaser 
to assure himself that the film is as good 
as he bargained for. 


- Maximum Width of Film 


The maximum width of the film is a 


dimension of interest.’ Film which is 
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too wide may not perform well in projec- 
tors made to close tolerances, or in pro- 
jectors operating under conditions where 
the film has swollen because of the pre- 
vailing high humidity. 

Let us see what variation is encountered 
in raw film. Figure 6 shows in the upper 
graph the variation in the maximum 
width of the film as it is made. The 
narrow spread is due in part to the fact 
there is no difference in age. Lest 
someone feel skeptical about the graph, 
let it be said that the range in width of 
film seldom exceeds 0.0010 in., and that 
the variation in width for any one strip is. 
generally much less than that. The 
lower graph shows how various lots of 
unexposed negative film, made between 
1941 and 1950, varied in width. Varia- 
tions in age and storage conditions in- 
creased the spread in dimensions. In, 
Fig. 7 is shown the distribution of the slit 
width of film made during one month of 
factory production. The horizontal scale 
is spread out thirty times wider than in 
Fig. 6, thus showing that there is the 
Gaussian, theoretical distribution shape 
that one expects. 

In Fig. 8 the upper chart shows the 
maximum width of 16-mm film made 
from 32-mm film. The lower chart 
shows the width of 16-mm film made 
from 16-mm_ factory-slit film. The 
amount of oversized 16-mm film made 
from 32-mm film is small, but real. 
This is a quantity which should be taken 
into consideration when designing equip- 
ment which is to operate with all avail- 
able films and under all conditions, in- 
cluding those of high relative humidity. 

Figure 9 shows what we think the 
width of the films of Fig. 7 would have 
been when freshly processed and condi- 
tioned to 90% relative humidity. The 
first correction was made by estimating 
what the width after processing would 
have been, from the shrinkage values 
observed in the exchanges. This value 
was then further increased by the appro- 
priate amount to give the effect of con- 
ditioning to 90% relative humidity. 
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This high relative humidity would be 
encountered only in extreme cases, but 
these cases are believed to exist often 
enough so that they should receive con- 
sideration. Under these conditions the 
film is wide enough so that trouble can 
be expected if the effects of moisture® 
have not been taken into account. 

Note that more than half of the films 
are oversized according to ASA specifica- 
tions under conditions where 90% rela- 
tive humidity prevails. It is not pos- 
sible to guess what percentage of the 
films would cause jams, but it is possible 
to see that the spread of values for the 
16-mm film made from 32-mm film is 
greater than for the 16-mm film made 
from 16-mm stock. 


Shrinkage of Film’ . 


The longitudinal pitch of film found in 
exchanges, or its shrinkage, is generally a 


matter of more importance to the de- . 


signer of projectors than to the current 
user or the original purchaser. The 
pitch is generally affected very little by 
the operations of the processing labora- 
tory. It is true that some processing 
equipment, which uses high tensions,.can 
stretch the film put through it by about 
0.05%. This value is negligible com- 
pared to the changes in length that come 
with time. 

Figure 10 shows the distribution of 
longitudinal shrinkage for all films 
measured in the exchanges. Note that 
there is no film with a shrinkage over 
1.7%. To design sprockets for film of 
greater shrinkage than this will generally 
give sprocket teeth that are quite thin if 
there are many teeth in contact with the 
film. If a design value as small as 1.5% 
is adopted, then there is a chance of 
about one in sixty that the perforations 
in some film will interfere with the 
sprockets and be damaged. Actually, 
the choice of longitudinal dimensions is 
also affected somewhat by the local 
deformation around the edge of the per- 
foration. This deformation is caused by 
tension put on the film by the sprockets, a 
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matter discussed by Vilbrandt® several 
years ago. 

By referring to Fig. 8, we ought to be 
able to obtain the narrowest (maximum) 
width of film measured in the survey. 
Actually 0.6215 in. was the lower range 
of the gauge, and so we could not read 
smaller values. There were 14% of 
film in the class 0.620 in. to 0.622 in. 
Accordingly, the uncertainty is not a 
great one, and indeed not a vital one. 
In general, if a 16-mm projector is de- 
signed for wider film than that used, 
little harm will be done to the film. 
There will be no tearing of perforations 
as is the case when the longitudinal pitch 
is below the design value, though sound- 
track placement will be affected. 
Sound-track placement was not measured 
in this survey. It may be expected that 
the errors of placement would be about 
the same as those of centering the film in 
slitting and would show a fluctuation 
about as great as the variation in width. 

Thanks are due to those in the industry 
who made possible this survey and par- 
ticularly to Daniel Botkin and Eldon 
Moyer of our division for their care in 
taking many measurements and reducing 
the data to useful form. 
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Use of Glacial Acetic Acid in the Determination 
of Metol in Developer Solutions 


By WILLIAM R. CROWELL, HARVEY E. GAUSMAN, Jr., and 


HARLAN L. BAUMBACH 


Although metol behaves as a very weak base in aqueous solutions, it acts as 
a strong base in glacial acetic acid and can be titrated with glacial acetic acid 
solutions of perchloric and sulfuric acids, using an indicator. The end point 
is much sharper with perchloric acid than with sulfuric acid as shown by 
potentiometric titration curves of the two acids. Procedures and results are 
described for the analysis of several types of developer solutions employing 
glacial acetic acid solutions for the metol determination and ceric sulfate for 


the determination of hydroquinone. 


AND HALt,! Hall and Wer- 
ner,? Nadeau and Branchen? and recently 
Markunas and Riddick‘ have shown how 
bases very weak in aqueous solutions can 
be titrated as strong bases in glacial 
acetic acid solutions. In a recent note 
Idelson’ has suggested that glacial acetic 
acid can be used as a medium for the 
determination of metol in developer 
solutions. It is the purpose of this paper: 
to show how this method can be applied 
to the determination of metol in de- 
veloper solutions using an _ indicator 
without the necessity of a potentiometric 
titration; to compare titrations made 
with perchloric acid with those made 
with sulfuric acid; and to show how 


A contribution submitted August 27, 1951, 
William R. Crowell, Dept. of Chemistry, 
niversity of California at Los 
Los Angeles, Calif., and H: E. Gaus- 
man, Jr., and Harlan L. umbach, 
oa Pictures, Inc., Hollywood, 


hydroquinone may be determined by 
titration with ceric sulfate of the solution 
in which the metol had previously been 
determined. 


Preparation and Standardization 
of Acid Solutions 

First, prepare a standard sodium 
acetate solution by weighing out suffi- 
cient dry sodium carbonate to make an 
approximately 0.0500 W solution in the 
volume desired. Add this solid to a 
somewhat less volume of 99.5% glacial 
acetic acid, dissolve, and make up to 
volume. Prepare an approximately 
0.0500 WN solution of perchloric acid from 
the 70-72% reagent by weighing out the 
proper amount and making it up to 
volume by the addition of glacial acetic 
acid. In the same manner a 0.0500 NV 
solution of sulfuric acid may be prepared 
from the concentrated acid. 

All these reagents should be stored in 
glass containers provided with airtight 
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glass stoppers. The titrations can be 
performed with 5-ml microburets with 
glass-stoppered reservoirs, side arms and 
two-way stopcocks. During titrations 
calcium chloride drying tubes should be 
attached to the reservoir opening and 
to the top of the buret tube. When the 
burets are not in use the reservoir drying 
tube may be replaced by the glass stopper 
and the connections of the drying tube 
attached to the buret tube may be closed 
off by suitable pinch clamps. 

To standardize the acid, deliver into a 
125-ml Erlenmeyer flask 50 ml of glacial 
acetic acid, 30 ml of ethyl acetate, 2-4 ml 
of the standard sodium acetate solution, 
and three drops of crystal violet indicator 
consisting of a 0.2% solution in glacial 
acetic acid. Titrate with the acid to the 
point at which the reddish violet of the 
base changes to a blue or greenish blue. 
The perchloric acid end point is quite 
sharp and only a fairly good light is 


necessary, but sulfuric acid requires good’ 


illumination such as that furnished by a 
Fisher Illuminator, and a comparison 
solution will probably be necessary, at 
least until one becomes accustomed to 
the end-point change. The comparison 
solution may be that resulting from a 
previous preliminary titration, or a 
KHSO, solution in the glacial acetic 
acid—ethyl acetate indicator mixture. 
For each acid a blank correction should 
be made in the volume of acid required. 
This may be determined by adding the 
acid to a mixture containing the same 
amounts of glacial acetic acid, ethyl 
acetate and indicator until the color 
matches that of the comparison solution. 
For practical purposes in the analysis 
of developer solutions it is not necessary 
that the glacial acetic acid solutions be 
strictly anhydrous. The small amounts 
of water in the glacial acetic acid itself, 
as well as that liberated in dissolving the 
sodium carbonate and that contained in 
the concentrated perchloric and sulfuric 
acids, is not sufficient to affect seriously 
the sharpness of the end points. 
Orange IV (tropaeolin 00) was also 


found to be a very satisfactory indicator, 
the color change being from yellow or 
orange-yellow to pink. 

In the standardization of sulfuric acid 
solutions it should be remembered that 
the equivalent weight of the acid is equal 
to its molecular weight. Evidently only 
the first stage of ionization of the acid is 
sufficient to give a satisfactory end-point 
change and there appears to be no 
appreciable interference by the second 
stage. 

Determination of Metol 

Into a 50-ml separatory funnel pipet 
10.0 ml of the developer solution, add 
two drops of thymol blue indicator and 


6 N sulfuric acid dropwise until the solu- 
tion just turns yellow (pH 8.0 to 8.5). 


Introduce 4-5 grams of potassium bro- 


mide and shake until it is dissolved. 
Add to the funnel 15 ml of ethyl acetate 
and shake for about three minutes, 
taking care that there is no loss through 
the glass stopper of the funnel due to the 
thermal expansion of the ethyl acetate. 
Allow the funnel to stand about three 
minutes or until the layers have sepa- 
rated completely and drain the aqueous 
layer into a 50-ml beaker, taking care 
that all the aqueous phase passes out of 
the stopcock bore. Pour the ethyl ace- 
tate layer into a dry 100-ml beaker, and 
from this to a second and to a third 
beaker, and finally into a 125-ml Erlen- 
meyer flask containing 50 ml of glacial 
acetic acid. Allow any liquid remaining 
in the stopcock bore of the separatory 
funnel to drain into the beaker, return 
the aqueous portion to the funnel, and 
rinse the beaker with 15 ml more of ethyl 
acetate, adding this to the funnel. Make 
a second extraction in the same manner 
as that made for the first portion, again 
adding the second extract to the glacial 
acetic acid. 

To the glacial acetic acid mixture add 
three drops of crystal violet or orange IV 
indicator solution and titrate with stand- 
ard acid, following the same procedure 
as that used in the standardization. The 
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Fig. 1. Titration of metol base in glacial acetic acid. ; 


same comparison solution may be used. 
The blank correction can be obtained 


by following the foregoing procedure on - 


a solution with the same composition 
as the developer except that the metol is 
omitted. 


Potentiometric Titration of Metol Base 
With Perchloric and Sulfuric Acids 


In order to study the end points ob- 
tained in the titration of metol base with 
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perchloric and sulfuric acids, potentio- 
metric titrations were carried out on the 
glacial acetic acid-ethyl acetate mix- 
tures. A Beckman Type G or Type H 
pH meter employing glass and calomel 
electrodes can be used to measure the 
voltages. Ifa Beckman saturated calomel 
electrode is used for a large number of 
runs, it should not dip directly into the 
glacial acetic acid mixture as it might 
eventually cease to function, This diffi- 
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culty can be overcome by having the 
electrode dip into an aqueous saturated 
potassium chloride solution which in turn 
makes connection with the glacial acetic 
acid mixture by means of a saturated 
potassium chloride agar bridge. More 
reproducibie potentials may be obtained 
if the bridge contains a glacial acetic acid 
saturated lithium chloride solution. 

The Type G pH meter has a scale 
sufficiently large so that no supplemen- 
tary connections are necessary, but the 
Type H meter because of its smaller 
voltage capacity requires the introduc- 
tion of a counter potential in series with 
the calomel electrode and its terminal on 
the pH meter. This counter voltage can 
be furnished by connecting a 50,000-ohm 
variable resistance rheostat across the 
terminals of a 1}-v dry cell and taking 
off sufficient counter voltage to bring the 
initial reading of the pH meter scale to 
about 50 mv (millivolts) when the elec- 
trodes are dipping into the glacial acetic 
acid mixture before the start of the titra- 
tion. In this case it is obvious that the 


voltage readings have no particular sig- 


nificance as far as the pH values are 
concerned. 

Figure 1 shows potentiometric titration 
curves for perchloric and sulfuric acid 
titrations of glacial acetic acid solutions 
- of ethyl acetate extracts obtained from 
an aqueous solutien containing 2.00 g/l 
(grams per liter) of metol, 45 g/l of 
sodium sulfite and 40 g/l of sodium 
carbonate. Voltage readings were ob- 
tained by use of the Type H pH meter. 
It will be observed that while the per- 
chloric acid inflection is much sharper 
than that of the sulfuric acid, the latter 
is quite sharp and the end point should 
be capable of recognition with an indi- 
cator without serious difficulty. Over 
an interval of 0.2-ml the perchloric acid 
inflection is about 900 mv/ml, while the 
‘sulfuric acid inflection is about 400 
mv/ml. 

In another series of runs the inflections 
with perchloric, sulfuric, toluenesulfonic 
and hydrochloric acids were compared. 


414 


Over a 0.2-ml interval the millivolts 
inflection per milliliter were as follows: 
perchloric acid 950, sulfuric acid 340, 
toluenesulfonic acid 350, and hydro- 
chloric acid 330. The toluenesulfonic 
acid solution was prepared from the dried 
monohydrate. The hydrochloric acid 
solution was prepared by taking the re- 
quired volume of the concentrated acid 
and adding an amount of acetic acid 
anhydride equivalent to that of the water 
present. The latter may also be pre- 
pared by adding the dry gas directly to 
the glacial acetic acid. 

Isopropyl acetate may also be used to 
extract the metol. Methyl acetate is not 
satisfactory because of the high solubility 
of water in it. 

Determination of Hydroquinone 

The hydroquinone is determined by 
a modification of the method described 
by Brunner, Means and Zappert.® 
Transfer the solution remaining after 
titration of the metol base with acid into 
a 250-ml beaker and wash the flask with 
three portions of distilled water until 
about 55 ml have been used, adding the 
washings to the beaker. Add 10 ml of 
6 N sulfuric acid, two drops of 0.02 M 
ferroin indicator and titrate with 0.1 V 
ceric sulfate solution, using a mechanical 
stirrer, until the pink-orange color 
changes to a greenish yellow which 
persists for about 30 sec. 


Results 

Table I shows results of analyses car- 
ried out on several types of developer 
solutions, most of which were supplied 
by the Paramount Pictures laboratory. 

The same procedure was applied to 
an Ansco Color Second Developer for 
the determination of the diethyl-p- 
phenylenediamine chloride in a solution 
containing 4.5 g/l of this constituent, 
1.0 g/l of sodium bisulfite, 70.0 g/l of 
sodium carbonate and 2.50 g/l of potas- 
sium bromide. Results of the glacial 
acetic acid titration were 4.42 + 0.03 g/l 
and of the ceric sulfate titration 4.52 + 
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Table I, Determination of Metol and Hydroquinone in Developer Solutions 
(All concentrations are in grams per liter) 


0.03 g/l. In other words the ceric sul- 
fate results were 2.2% higher than those 
obtained in the glacial acetic acid titra- 
tion. In the case of such developers 
there appears to be no particular advan- 
tage in employing the latter method. 
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Observer Reaction 
to Video Crosstalk 


By A. D. FOWLER 


Presented here are results of tests to determine how much video crosstalk can 
be tolerated in black-and-white television pictures. Experienced observers 
viewed a television picture and rated the disturbing effects of controlled 
amounts of crosstalk from another video system. Crosstalk coupling was 
simulated by a network which permitted changes in frequency characteristic 


as well as in coupling loss. Tolerable limits for crosstalk coupling are derived 


from the test results. 


b as CROSSTALK becomes an impor- 
tant consideration when two or more 
video transmission systems operate on 
adjacent facilities. If the coupling be- 
tween systems is excessive, crosstalk from 
one system will seriously impair the pic- 
ture transmitted by another. To elimi- 
nate crosstalk coupling entirely is usually 
impracticable, if not impossible; to re- 
duce it by even modest amounts is some- 
- times difficult and expensive. The ques- 


tion naturally arises as to how much 


crosstalk can be safely tolerated. To 
answer this question, a series of tests, 
similar to those described in a previous 
paper,' was made at Bell Telephone 
Laboratories. Observers were asked to 
rate the disturbing effects of various 
amounts and kinds of crosstalk in a 
standard black-and-white television pic- 
ture. The purpose of this paper is to 
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describe those tests and to present the 
values of crosstalk limits derived from the 
experimental data. 

In all tests artificial crosstalk coupling 
was used. The disturbing television 
signal was fed into the disturbed tele- 
vision system through an attenuator and 


a network: the former controlling the 
flat coupling loss, and the latter impart- 
ing a desired loss-frequency characteris- 
tic. This type of coupling is called 
“lumped” to distinguish it from coupling 
distributed along transmission lines. 
The latter comprises components which 
may have different propagation times. 
Requirements for lumped coupling are 
probably somewhat more severe than for 
distributed coupling. 

Four different loss-frequency charac- 
teristics were employed. They ranged 
from flat, which gives an undistorted 
crosstalk image, to very steeply sloping 
(less loss at higher frequencies). This 
range covers most of the general shapes 
of characteristics found in practice. 
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If strong enough, video crosstalk ap- 
pears as an image of the unwanted signal 
moving erratically back and forth across 
the wanted picture. This motion oc- 
curs, of course, because of the lack of ex- 
act synchronism between independent 
video systems. Even when both systems 
are controlled from the same 60-cycle 
supply, rather violent horizontal motion 
will be present. This is the result of 
slight phase errors at 60 cycles/sec pro- 
ducing cycles of phase error at the 
horizontal scanning rate. In some of 
the tests, the two systems were placed 
under the control of separate crystal 
oscillators. This permitted the relative 
motion to be made uniform at about the 
most disturbing rate. 

As the crosstalk image moves across 
the main picture, it appears to be framed. 
This frame is formed by the horizontal 
and vertical synchronizing pulses, and is 
much more noticeable than any feature 
in the image. Since the side frame of 
the image extends from top to bottom of 
the wanted picture, no part of the latter 
escapes this interference. At threshold 
there is no semblance of frame or image; 
just a slight flicker appears as the frame 
moves across some sensitive portion of the 
main picture. 

The above discussion applies to undis- 
torted, or flat, crosstalk coupling. When 
the coupling has a sloping characteristic, 
the crosstalk image will appear in bas 
relief. But, again, the frame having the 
largest rate of change, is the most promi- 
nent feature in the crosstalk image. 


Apparatus and Circuit Arrangement 


In Fig. 1 is shown a simplified block 
schematic of the test setup. The box 
labelled “slide scanner’ represents a 
conventional flying-spot scanner in which 
the main picture signal was derived. 
The slide was a standard 2 X 2-in. slide 
of a picture called “Teacup Lady.” 
The output signal had an amplitude of 2 
volts peak-to-peak (including the syn- 
chronizing pulse) and was transmitted 
via a 3-way mixing pad to the viewing 
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monitor shown on the right. The inter- 
fering picture was a test pattern known 
as “Indian Head.” The signal for the 
test pattern was generated by a mono- 
scope, which is shown in the box with 
the appropriate label. The output of 
the monoscope was also 2 volts peak-to- 
peak, and it was transmitted through a 
variable attenuator and distorting net- 
work to the mixing pad. 

Synchronizing signals for the slide 
scanner and monoscope were obtained 
from independent generators. These 
are indicated by separate boxes labelled 
“sync generator.” Both generators were 
controlled either from the same 60-cycle 
power source or from separate crystal 
oscillators. 

The viewing monitor was one devel- 
oped and built at Bell Telephone Labora- 
tories. The picture tube was a 10-in. 
metal-backed tube (Type 1816 P4) 
operated at about 11 kilovolts. A d-c 
restorer circuit of the type usually found 
in television receivers was used instead 
of the clamper originally incorporated in 
the viewing monitor. “Flywheel” syn- 
chronization, which this monitor did not 
have, was simulated by separate syn- 
chronization directly from the synchro- 
nizing generator associated with the spot 
scanner. 

Since the distorting network had zero 
loss at 4 mc, or had a loss which could be 
taken into account, the loss in the attenua- 
tor represented the coupling loss at 4 mc 
as measured between two television sys- 
tems at points of equal signal level. The 
coupling loss at other frequencies de- 
pends on the characteristic of the dis- 
torting network. 

Figure 2 shows the four loss-frequency 
characteristics which were used in the 
tests. The “flat” characteristic was 
simply distortionless transmission. The 
one labelled “6 db/octave” gave an 
increase in transmission of approximately 
6 db for each doubling of frequency. 
The ‘12 db/octave’” and “26 db/- 
octave” labels have similar meanings. 
The last-named characteristic approxi- 


417 


hime 
~ 
4 
. 


“INDIAN HEAD” 
TEST PATTERN COUPLING LOSS 


© OB LOSS AT 
4 MEGACYCLES 


VARIABLE 
ATTENUATOR 


DISTORTING 
NETWORK 


‘CROSSTALK SIGNAL 
2 VOLTS PEAK-TO-PEAK 


—-MAIN SIGNAL 


VOLTS PEAK-TO-PEAK 


mates the amplitude-frequency distortion 
(without propagation effects) occurring 
in near-end crosstalk between video sys- 
tems operating in local exchange areas 
on maximum length of line.? 


Picture Setup and Viewing Conditions 


The selection of “Teacup Lady” as 
the main picture for these tests was based 
on past experience. Its sensitivity to 
noise and low-frequency interference had 
already been established. During all 
tests a highlight luminance of 45 foot- 
Lamberts and a contrast range of 120: 1 
were maintained. Frequent checks on 
these values were made with a modified 
Macbeth Illuminometer. 

The “Indian Head” test pattern was 
chosen as the interfering picture because 
of its high key and strong black lines. 
Its sudden changes from white to black 
tend to make its distorted image more 
interfering than that of most pictures. 

All viewing was done in a darkened 
room in which the ambient light, result- 
ing mostly from light reflected from the 
kinescope, was approximately 0.02 foot- 
candles as measured near the viewing 
surface. 
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Fig. 1. Block schematic of test setup. 


The viewing distance was 24 in. which 
was four times the height of the 6 X 8-in. 


image. 


‘Observers. 


Observers for these tests were technical 
and staff employees of Bell Telephone 
Laboratories. In each test group there 
were ten or more observers, some of whom 
were known to be rather critical, that is, 
intolerant of picture impairments, some 
less critical, and others fairly uncritical. 
All were experienced and were known to 
be reasonably stable in their judgments. 
They were selected on the basis of giving 
a fairly uniform distribution of types of 
observers ranging from critical to uncriti- . 
cal. No attempt was made to obtain a 
random sample of the television audience. 


Testing Procedure 


One observer at a time was seated 
directly in front of the viewing monitor 
at a distance of four times the picture 
height. The room was darkened and 
the observer was shown the main pic- 
ture, “Teacup Lady,” without any cross- 
talk signal added. He was told that this 
was the “best” picture, and that any 
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Fig. 2. Amplitude-frequency distortion in crosstalk paths. 


imperfections, such as noise and the like, 
were to be ignored in making his subse- 
quent judgments of picture impairments. 
A moderate, but visible amount of cross- 
talk signal was then added to the picture. 
The observer was told that this was the 
type of disturbance upon which he would 
be asked to pass judgment, but that the 
strength of the interference would prob- 
ably be different for each test condition. 

The observer was given a list of seven 
numbered comments from which he was 
to select the one which best described his 
reaction to, or his rating of, the crosstalk 
present in each test condition. These 
comments were as follows: 

1. Not perceptible; 

2. Just perceptible; 

3. Definitely perceptible, but only 
slight impairment to picture; 

4. Impairment to picture, but not 
objectionable; 

5. Somewhat objectionable; 

6. Definitely objectionable; and 

7. Extremely objectionable 


The comments are arranged in logical 
order, progressing step by step from “‘not 
perceptible” to “just perceptible” 


through various degrees of adverse reac- 
tion to “extremely objectionable.” The 
comment numbers are used, not only as 
indentifications of the various comments, 
but also as a scale of observer reactions. 
Special mention will be made in later 
discussions of comments No. 2 and No. 4: 
the former signifies the near threshold 
value of crosstalk for the observer; the 
latter is the severest comment which can 
be made without rating the crosstalk as 
objectionable. 

At each sitting, the observer rated 
from 16 to 22 levels of crosstalk. The 
levels covered a range of 28 db, sub- 
divided into 4-db steps. Each level ap- 
peared twice, and in some tests, three 
times in the series. All observers were 
shown precisely the same series of levels. 
The presentation of levels was in random 
order; use of Tippett’s Random Sampling 
Numbers* was made for this purpose. 

As each test condition was presented, 
the observer called out the number of the 
comment which best described his reac- 
tion to the level of crosstalk present. 
Separate tests were made for each type of 
distorting network in the crosstalk 
coupling path. 
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Test Results and Interpretation 
of the Data 


Observers apparently use the comment 
numbers as a scale of their reactions. 
This will be seen in Fig. 3 where, for pur- 
poses of illustration, are plotted the reac- 
tions of only two observers to flat, lumped 
crosstalk. The flat coupling loss is given 
by the abscissas which indicate stronger 
crosstalk to the right; comment numbers 
are indicated by the ordinates. The 
data points shown are the averages of 
three judgments of the same indicated 
crosstalk level submitted to the observer. 
Only in rare instances did an observer 
waver by more than one comment in 
rendering his judgment of a given level of 
crosstalk. The curves for other observ- 
ers, in general, fan out between the two 
curves shown. Occasionally, however, 
some of the curves cross. This means, 
for example, that the most critical ob- 
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COUPLING LOSS IN DECIBELS 
Fig. 3. Reactions of individual observers to flat, lumped crosstalk. 


server may not be the same observer over 
the entire range of crosstalk levels. For 
this reason it was decided to pool the 
data of all observers and pick out the 
critical, median and uncritical responses 
characterizing the reaction of the group. 
This treatment of the data is illustrated, 
in part, in Fig. 4. 

Figure 4 shows the distribution of the 
comments selected by the entire group of 
observers in response to various levels of 
flat, lumped crosstalk. The numbers at 
each of the marked lattice points repre- 
sent the totals of votes cast for the indi- 
cated comment number at the given 
level of crosstalk. In this test 10 ob- 
servers made three judgments of each 
level of crosstalk except that for 62-db 
coupling loss where only one judgment 
was made. Accordingly, the total of the 
lattice point numbers is 30 in each col- 
umn, except that for 62-db, where the 
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COUPLING LOSS IN DECIBELS 
Fig. 4. Distribution of comments from 10 observers (flat, lumped crosstalk). 


total is 10. From this display of the 
data, one can see that when the coupling 
loss was, say 54 db, there were 3 votes for 
comment No. 1, 11 for comment No. 2, 
4 for No. 3, 4 for No. 4, and 8 votes for 
No. 5. 
The data shown in Fig. 4 can be fur- 
ther classified by drawing in, for ex- 
ample, the curve (or broken line) below 
and above which 50% of the votes fall. 
This is shown in Fig. 4 as “‘median curve.” 
To avoid ambiguities in the count of 
votes, it was assumed that the votes for 
each comment were spread uniformly 
over a range of plus or minus one-half 
of a comment number; at the ends of 
the scale, where there could be no com- 
ments less than No. 1 or greater than No. 
7, the spread was assumed to be only one 
half as much. 

In a similar way, other contours, be- 
low which a given percentage of the votes 
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fall, can be drawn. This was done for 
several different percentages as shown in 
Fig. 5. These contours pertain to the 
same group data shown in the previous 
figure. The computed values are shown 
as dashed broken lines. The heavier 
smooth curves were drawn in more or less 
by eye to show the general trends for 
engineering purposes. It will be rather 
evident that the 90% contour corre- 
sponds to a curve for a critical observer, 
the 50% contour to one for a median 
observer, and the 10% curve to an uncrit- 
ical observer. As mentioned earlier, 
these contours do not necessarily repre- 
sent the reactions of any individual ob- 
servers. 

The contours of Fig. 5 show that a 
fairly uniform distribution of types of 
observers was obtained; there is no pro- 
nounced bunching of the contours. 
Looking now at the 90% contour, which 
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represents the reactions of the “compos- 
ite” critical observer, it is seen that the 
crosstalk is just perceptible to him when 
the coupling loss is about 61 db and that 
he still does not object to it (votes no 
more than comment No. 4) when the 
crosstalk is made 4 db stronger. The 
median observer finds the crosstalk just 
perceptible at 58 db loss; and the uncrit- 
ical observer does not notice the cross- 
talk until the coupling loss is reduced to 
52 db. 

One of the main objectives of this 
study of the reactions of observers to 
crosstalk was to arrive at a tolerable limit 
for the crosstalk coupling loss. The con- 
tours of observer reaction, as just dis- 
cussed, will serve as a useful guide in this 
connection. As a criterion for tolerable 
limit, it is proposed that the crosstalk not 
exceed a value which is either objection- 
able to the most critical observers, or 


(flat, lumped crosstalk). 


more than just perceptible to half of the 
observers. Referring to the contours of 
Fig. 5, it is seen that a coupling loss of 58 
db evoked comment No. 2 from 50% of 
the observers and less than comment No. 
4 from the most critical observers. The 
limiting coupling loss is, accordingly, 58 
db for flat, lumped crosstalk. 

The test results for the sloping types of 
coupling and for both synchronous and 
nonsynchronous operation of the video 
systems are very similar to those discussed 
in detail for flat coupling. They dif- 
fered mainly in the values of coupling 
loss at which the comments occurred and, 
to some extent, in the steepness of rise of 
the contours. Rather than a display of 
separate matrices and contours for each 
of the tests, a summary of the responses 
of the critical and median composite ob- 
servers is presented in Table I which 
follows. 
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Fig. 6. Four-megacycle coupling loss at which 50% 
of observers vote “‘just perceptible.” 


Table I 


Coupling Coupling loss, 
network in decibels, at 4 mc 
distortion A B Cc 


Flat* (1) 57 58t 
Flatt (2) 55 57.5 
6 db/octave* 22 23t 
12 db/octave* 10.5 11.5 
12 db/octavet 14 15.5% 

26 db/octave* 12 14t 


Column A: Critical observers rate “just 
perceptible” (comment No. 2) 

Column B: Critical observers rate “‘im- 
pairment to picture, but not objection- 
able” (comment No. 4) 

Column C: Median observers rate “just 
perceptible” (comment No. 2) 

* Nonsynchronous: crosstalk image moves 

left to right at rate of 2 frames/sec. 

Synchronous: crosstalk image moves 

erratically back and forth across the main 

picture. 

{Selected as the limit for the indicated 

type of crosstalk coupling. 


Discussion of Results 


One of the most striking aspects of the 
results tabulated above is the large 
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change in required coupling loss in going 
from flat to sloping distortion in the 
coupling path. Since the sloping net- 
work emphasizes the higher frequencies 
at the expense of the lower, the former 
must contribute very little to the inter- 
fering effect of the crosstalk image. This 
seems a reasonable conclusion when it is 
remembered that the high frequencies 
contribute to fine detail and sharp edges, 
neither of which is very apparent in the 
faint and moving crosstalk image. 

To show the change in requirement 
with changes in slope of the coupling 
characteristic, the values marked f{ in 
Table I have been plotted in Fig. 6. 
Here the abscissas represent the slope of 
the coupling characteristic in decibels 
per octave of frequency; the ordinates 
indicate the required coupling loss in 
decibels at 4 mc. It will be noted that 
the major portion of the reduction in 
requirement takes place within the first 
6 db per octave; and that the require- 
ment appears to approach an asymptotic 
value. 

Despite the easing of requirements by 
as much as 35 to 44 db in going from flat 
to sloping couplings, it is more often the 
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latter requirements that are the hardest 
to meet. This is particularly true in 
instances of near-end crosstalk in cable 
circuits carrying video signals in opposite 
directions. As the length of cable to the 
nearest repeater, or terminal, is increased, 
two things occur: the level of the incom- 
ing signal is decreased and the steepness 
of slope of the equalization of the receiv- 
ing amplifier is increased. The first 
increases the effective coupling between 
circuits and the second increases the high- 
frequency transmission of the crosstalk 
signal. The end result, for the particu- 
lar case under discussion, is that the maxi- 
mum length of circuit is limited by the 
14-db requirement for 26-db/octave 
slope. 

The differences between the results for 
synchronous and nonsynchronous opera- 
tion are not significantly great. As 
implied earlier, the term “synchronous” 
is a misnomer, and actually means erratic 
motion rather than uniform motion of 


the crosstalk image. For the flat cross-— 


talk tests the difference was trivial; for 
the 12-db/octave case a difference of 4 
db obtained. 

All the above results, it should be 
noted, were obtained for lumped couplings 
between circuits carrying the wanted 
and unwanted picture signals. This 
results in a reasonably clear unwanted 
picture, which aids in its detection and 
imposes rather severe coupling require- 
ments. Where the coupling is distrib- 
uted over a long distance, as in adja- 
cent pairs, the crosstalk image will be 


less clear and probably somewhat less 


severe requirements would be imposed. 
Recapitulation 

Tests were made to determine how 
much video crosstalk can safely be toler- 
ated in black-and-white television pic- 
tures. Artificial crosstalk coupling with 
four different loss-frequency characteris- 
tics was used. In using lumped, rather 
than distributed, coupling more con- 
servative requirements were obtained. 
The degree of synchronization was con- 


trolled to insure that approximately the 
most disturbing conditions obtained. 

The disturbed picture was one known 
to be sensitive to interference; the dis- 
turbing picture was a test pattern which 
probably was as disturbing as any pic- 
ture for both the flat and sloping cou- 
pling tests. The rendition of the main 
picture received considerable care: the 
highlight brightness and contrast range 
were better than average, and the noise 
was barely noticeable. Frequent checks 
were made to keep the quality of the pic- 
ture reproduction constant. 

The observers were experienced in 
judging impairments of television pic- 
tures, and were known to be stable in 
their judgments. The conditions of 
observation were controlled in the matter 
of ambient light and viewing distance. 

The results obtained from these tests 
and proposed as limits for the several 
types of crosstalk coupling are somewhat 
conservative. The crosstalk resulting 
from these values of coupling could not 
be detected by about half the observers 
and were not rated as objectionable by 
the most critical. 
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Ultra-Speed 
Theater Television Optics 


By L. T. SACHTLEBEN and G. L. ALLEE 


The general properties of a reflective optical system of the Schmidt type are 
discussed, with particular reference to practical considerations of design and 
application in the theater. The relationships of focal length, projection dis- 


tance and incident screen illumination are illustrated. 


Also discussed are 


the factors on which resolving power and fine-detail contrast depend. Some 
facts relating to the design, material and application of the aspheric or ogee 


lens are given. 


B ee PROBLEM Of satisfactorily project- 
ing a kinescope image upon an external 
screen has concerned television engineers 
for many years. Early attempts were 
made with ordinary projection or photo- 
graphic lenses of both domestic and 
European origin. The difficulties were 
many and serious, and were never com- 
pletely overcome. One of these was that 
the face of the kinescope had to be flat 
or even concave toward the lens, because 
of the shape of the image surface of the 
lens. Such shapes are not good from 
the standpoint of the electron optics of 
the kinescope, and they are not good 
mechanically, especially if the tube is 
large. Added to this was the practical 
impossibility of getting a lens that would 
pick up enough light from the kinescope 


Presented on October 15, 1951, at the 
Society’s Convention at Hollywood, Calif., 
by L. T. Sachtleben and G. L. Allee, 
Advanced Development Engineering, RCA 
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to produce a magnified screen image of 
adequate brightness and size for theater 
use. The kinescope image is low in 
candlepower per unit area compared 
with the tungsten and arc lamps used 
in the usual motion picture projectors. 
As a result, the light from it has to be 
gathered much more efficiently than in 
usual projectors. In other words, the 
projection optics must have much more 
speed for theater television projection 
than for motion picture projection from 
film. 

The answer to the need for an ultra- 
speed system began to take form in the 
middle 1930’s. Donald O. Landis, an 
optician and designer and maker of 
telescopes, got the idea that the new 
high-speed Schmidt astronomical tele- 
scope could be used for projection tele- 
vision. This instrument covered a wide 
field at efficiencies ranging five to ten 
times greater than the best available 
lenses. Also, it required the face of the 
kinescope to have the convex shape 
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Fig. 1. RCAPT-100 Ultra-Speed Projection System. 


which is normal in kinescope design. 
Landis, working in the RCA television 
laboratory, built the first model ever 
made that proved that the optics of the 
Schmidt telescope could be modified to 
project sharp and brightly illuminated 
television images. Working with E. G. 
Ramberg and I. G. Maloff, he also con- 
structed the first ultra-speed optical 
system of this type for theater television 
projection,' and the first patent on the 


adaptation of the Schmidt optics to tele- 
vision use was issued to him.? Many of 
the practical problems of optical design 
and economical construction were later 
worked out by D. W. Epstein and I. G. 
Maloff who also applied the Schmidt 
optics to home receivers.*~> 

The theory of reflective optical systems 
of this type has been extensively discussed 
elsewhere.47 This paper will be re- 
stricted to practical aspects of the system 
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Fig. 2. Schematic of RCA Ultra-Speed Projection System. 


which may be of interest to applications 
engineers and exhibitors. 


Nature and Performance of the Ultra- 
Speed System 


The RCA Ultra-Speed Theater Tele- 
vision Optics (Fig. 1) are currently being 
built in a focal length of 15.515 in. and 
an effective optical speed of £/0.82.* 
This is a suitable focal length for a large 
number of theater installations where 
pictures up to 15 X 20 ft are to be pro- 
jected from a 7-in., 80-kv kinescope. 
The system is capable of delivering a 
2-ft-c highlight level to the screen under 
these conditions, from kinescopes of 
present design. 

The optical system has two basic 


* A System that gathers a cone of light 90° 
in diameter has a speed of f/0.71. In a 
theater television projection system, the 
mirror must be masked out at the center 
to prevent reflection of light directly back 
to the face of the kinescope. Taking this 
into account, the Ultra-S Ss has 
a net optical speed of f/0.82. 
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optical parts: a concave spherical mirror; 
and a low-power ogee lens at its center 
of curvature. In its meridian section 
the curved surface of the lens is seen to 
have a generating curve in the form of 
an S or ogee, hence the name. These 
parts are shown, respectively, at A and 
B of Fig. 2. The focal length of the ogee 


- lens is of the order of 20 times that of 


the entire optical system. If the ogee 
lens is not made of a suitable flint glass, 
a radiation filter must be mounted ap- 
proximately in contact with it as shown 
at C of the figure. Such a filter becomes, 
of necessity, a part of the optical system 
and its surfaces must be made sufficiently 
flat and parallel to have the minimum 
possible effect upon the image. The 
kinescope tube is located at D on the 
axis of symmetry of the optical system, 
with its face, E, directed toward the 
mirror. When the radius of curvature 
of the kinescope face or screen is equal 
to the focal length of the optical system 
(of the order of one-half the radius of 
curvature of the spherical mirror), the 


427 


| LENS 
| | 
WINE SCOPE | 
\ 
| 


kinescope image will lie in a flat surface 
where it may be received and viewed on 
a conventional flat motion picture screen. 
As with other projection systems, the 
distance to the projection screen may be 
freely chosen, the system being adapted 
to a wide range of distances as described 
below. Projected picture size will be 
substantially proportional to distance 
from tube face to screen. It is also in- 
versely proportional to optical system 
focal length. For all practical purposes, 
curvature of the kinescope screen is in- 
dependent of projection distance pro- 
viding optical system focal length does 
not change. 

The design of the ogee lens is depend- 
ent upon projection distance. Its ogee 
curve must be “tailored” to fit the par- 
ticular magnification at which the optical 
system is intended to work. The purpose 
of the ogee lens is to compensate for 
certain inherent qualities in the imagery 
of the outlying portions of the spherical 
mirror, and the needed compensation 
changes with projection distance. The 


lenses supplied with the systems are care- 


fully designed to suit the distance from 
projector to screen. The focal length of 
the optical system remains unchanged 
when lenses are changed to take care of 
a series of projection distances. 

In manufacture, the ogee lens is given 
its shape by a master surface. The exact 
methods used depend upon the material 
chosen for the lens. Sagging or “drop- 
ping” methods are used with glass, cast- 
ing with thermosetting materials, and 
pressing with thermoplastic materials. 
Whatever the material, preparation of 
the master surface and the process of 
forming the lens are carried out with 
great care. The lenses are made by the 
best techniques that it has been possible 
to develop. 

At the present time the Ultra-Speed 
System uses only glass lenses, since they 
are the best obtainable. There is every 
reason to expect lenses to be made just 
as well from plastic materials, and it is 
anticipated that suitable techniques will 
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be developed to accomplish this. The 
glass lenses are more expensive than 
plastic, but they are more resistant to 
scratching, and if made of suitable glass, 
will also serve as radiation filters for the 
system. It is not known how the quality 
of glass and plastic ogee lenses will even- 
tually compare, but the prospect of lower 
cost makes plastic lenses very attractive. 

The ogee lenses must be applied eco- 
nomically in order to keep equipment 
cost at a minimum. It is readily appre- 
ciated that there is a practical limit to 
the number of lenses that can be de- 
signed, made and stocked in order to 
adapt a given ultra-speed system to the 
range of projection distances encoun- 
tered in theaters. It would be absurd, 
for example, to make a separate ogee 
lens for each 1-ft increment of projection 
distance between 40 ft and 70 ft. For- 
tunately, there is a rather large practical 
range of projection distances at which a 
given ogee lens may be used by merely 
focusing the system accordingly. This 
range is observed to extend from about 
10% more than ideal design distance to 
about 15% less. Additional flexibility 
results from changing kinescope_ raster 
dimensions electrically. An extensive 
range of picture sizes, as well as projec- 
tion distances, is therefore available with 
a projection system equipped with a 
single ogee lens. Two different lenses 
will adapt the projection system to a 
large range of projection conditions as 
illustrated in Fig. 3. 

The amount of light received by the 
optical system from each unit of area on 
the kinescope screen depends on the 
angular diameter of the cone which the 
optical system effectively subtends at the 
faceplate. In the Ultra-Speed System 
this angle is approximately 90° for maxi- 
mum efficiency consistent with best 
image quality. It is obvious that if this 
light is projected into a small picture a 
brighter screen will result than if it is 
projected into a large picture, because 
the total light available is approximately 
constant. At long throws, a given optical 
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Fig. 3. This illustrates range of projection distances available with the 15.515-in. 
focal length Ultra-Speed System by use of ogee lenses designed for ideal projection 


distances of 55.3 ft and 71.6 ft. It also 


illustrates range of picture sizes available 


by varying kinescope raster diagonal between 5.31 in. and 7.0 in. Curves of con- 
stant illumination indicate available range of screen illumination levels, based on a 
level of 100% at 62 ft from a 6.25-in. diagonal raster. This level is about 2 'ft-c in 
the highlights with currently available kinescopes. 


system will produce pictures at lower illu- 
‘mination levels because the pictures are 
larger. This can be controlled to a 
limited extent by electrically varying the 
raster dimensions in inverse relation to 
the throw. An increase in throw will 
then be attended by a decrease in raster 
area. But, since the beam power is not 
reduced, the raster brightness increases. 
By this means, pictures can be kept at 
approximately constant size and bright- 
ness over a considerable range of projec- 
tion distances. For example, it is seen 
from Fig. 3 that the projection distance 
can be varied between 57 ft and 67.6 ft 
with no change in picture size and with an 
illumination variation of only 10% from 
the average. Also, picture widths can be 
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varied between 17.2 ft and 22 ft with no 
change in projection distance and only a 
10% illumination variation from the ave- 
rage. When the ogee lens is changed, and 
a new range of projection distances is 
entered, the choice of picture bright- 
nesses and sizes available with the par- 
ticular lens is, of course, altered. In 
order to have the above-described ranges 
of projection distance and picture size 
available with a single ogee lens, the 
lens would have to be designed for an 
ideal working distance of about 63 ft. 
The ogee lenses used with this system are 
presently being made for an ideal pro- 
jection distance of 62 ft. Future installa- 
tion requirements will determine the 
choice of additional lenses. 
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The present Ultra-Speed System is 
capable of delivering a highlight level 
of 2 ft-c to the screen, when focal length 
is 15.515 in., projection distance is 62 ft, 
raster diagonal is 6} in., magnification is 
48x and anode voltage is 80 kv on a 
7-in. kinescope. The picture size is 
15 X 20 ft. 


Factors That Limit Performance 


Performance of optical systems of this 
type is limited in many respects, chief 
among which are image illumination 
uniformity, large-area contrast, fine- 
detail contrast, resolving power, maxi- 
mum projection angle and efficiency of 
light utilization. To some extent these 
factors are all interrelated, and tie in 
also with such factors as optical system 
size, weight and cost. 

In general, the projected images equal 
or exceed those projected from film, from 
the standpoint of flat illumination dis- 
tribution. The flattest illumination re- 
sults from making the mirror consider- 
ably larger in diameter than the mini- 
mum required to fill the ogee lens with 
light from the center of the raster. This 
rapidly increases size, weight and cost 
of the mirror, however, and it has been 
found practical to limit the mirror diam- 
eter to about 10% in excess of this mini- 
mum. Illumination at the sides of the 
picture exceeds 80% of the center at a 
magnification of 48x. 

Large-area contrast depends upon de- 
sign factors, quality factors and main- 
tenance factors, because all of these in- 
fluence the amount of stray light (light 
not directed to formation of the desired 
image) that emerges from the system to 
generally dilute contrast. Stray light 
also includes light returned to the kine- 
scope screen by the system or by the 
projection screen. Design factors include 
surface coating of ogee lens (and radia- 
tion filter, if used), central blocking of 
the mirror, presence or absence of a 
radiation filter, finish of mechanical 
parts, etc. Quality factors include work- 
manship on all reflecting and refracting 


surfaces, quality of surface coatings and 
all optical materials, and quality of all 
surface finishes inside the system. The 
chief maintenance factor is summed up 
in one word, “cleanliness.”” The Ultra- 
Speed System is capable of a large-area 
contrast of approximetely 100 to 1. 
This is measured by projecting a special 
uniformly illuminated test object of the 
same area as the kinescope raster, but 
with about 1% of its area black and 
opaque at the center. Light levels are 
measured within and without the image 
of this opaque area to determine the 
large-area contrast ratio. The 100-to-1 
ratio amply insures against “graying out” 
of small shadow areas in high-key pic- 
tures. 

Fine-detail contrast is influenced by 
factors that limit resolving power, as well 
as by general stray light which is negli- 
gible as just shown. For example, if the 
light that should go into the image of a 
grid of equally spaced parallel lines be- 
comes uniformly distributed over the 
image of the grid, the contrast becomes 
unity and the lines are not resolved at all. 
Any optical loss of fine-detail contrast is 
primarily due to imperfections in the 
imagery of the optical system. This 
may be due to manufacturing imperfec- 
tions in the optical parts, or their mis- 
adjustment, and may also be due to lack 
of refinement in the optical design. All 
these factors may contribute at the same 
time. 

It has proved practical and economical 
to finish the spherical mirrors so that 
their effect on fine-detail contrast is en- 
tirely negligible. The manufacturing 
imperfections most responsible for limit- 
ing fine-detail contrast are to be found 
in the ogee lens. These imperfections 
consist mainly of very small ripples or 
“zones” in the ogee surface of revolution, 
and also in failure of the surface to be 
purely one of revolution. The greatest 
care is taken in manufacturing to keep 
such errors at a minimum and methods 
are now being improved as rapidly as 
possible. 
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In the present ultra-speed optical 
systems with flint lenses, the fine-detail 
contrast ratio at 600 lines per picture 
height ranges between 2.0 and 3.0. The 
present goal is to raise this ratio to 10. 
The contrast ratio changes rapidly with 
line number and at 200 lines per picture 
height it ranges from 30 to 60. While 
contrast ratios of 2.0 and 3.0 at 600 lines 
do not satisfy development and com- 
mercial engineers, the appearance of 
600-line detail at a normal viewing dis- 
tance of 1} screen widths is well above 
the point where it would be a serious 
commercial limitation at the present 
time. 

When the ogee lens is made of a single 
peice of glass, fine-detail contrast is 
limited by chromatic aberration. The 
effect of this can be reduced somewhat 
by making the ogee lens of low-disper- 
sion crown glass instead of flint. A flint 
filter screen then has to be used, and 
unless it is finished with great care, its 
two surfaces can more than offset any 
improvement to be realized from the 
crown glass. Chromatic aberration 
effects can be further offset by a change 
The use of a larger 


of magnification. 
kinescope with shorter projection dis- 
tance will make the chromatic effects 
smaller in relation to the size of the 


picture. It is estimated that the use of 
crown glass in place of flint, and of a 
10-in. kinescope in place of the 7-in., 
can relatively reduce the area of the 
chromatic confusion disk a maximum 
of 80%. Another approach is to make 
the ogee lens of two different glasses and 
development work is proceeding along 
this line. This may involve manufac- 
turing complications, and result in a 
more expensive lens. It is too early to 
predict the practical outcome of these 
approaches to the problem. 

Any increase in kinescope size involves 
an increase in projection angle. This is 
attended with some increase in vignet- 
ting, and also with a tendency toward 
reducing detail contrast and resolution 
at the corners and edges of the picture. 
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The vignetting, however, tends to retard 
the loss in contrast and resolution at the 
expense of brightness in the outer por- 
tions of the image. In general, it can be 
said that, unless an increase in the size 
of the kinescope will yield an improve- 
ment such as suggested above in connec- 
tion with the effect of chromatic aberra- 
tion on fine-detail contrast, there is little 
or nothing to gain optically by choosing 
wide-angle projection. If the power in 
the kinescope beam could be increased 
in direct ratio to the raster area, the 
story would be quite different, but in 
present kinescopes this cannot be done. 
The conversion efficiency of the phos- 
phor increases a moderate amount when 
the raster area is increased, but an in- 
crease in kinescope size usually results in 
reduced screen brightness for a given 
projected picture size when using an 
ultra-speed optical system of given focal 
length. 

The factors that influence fine-detail 
contrast also largely determine limiting 
resolving power. When flint lenses are 
used, the limiting resolution of the ultra- 
speed system is 1200 television lines per 
picture height, or better, in all parts of 
the picture. It exceeds 1800 lines in the 
center, and the television scanning lines 
are clearly reproduced throughout the 
picture. The present goal is a limiting 
resolution of 3600 lines. 

Proper location of parts is essential to 
good resolution and detail contrast in 
the image. All parts of the assembly are 
carefully made to insure accurate loca- 
tions, and adequate adjustments are 
provided for locating the kinescope with 
reference to the optical parts. The cen- 
ter of curvature of the faceplate must be 
on the axis of the optical system, and 
installation and maintenance engineers 
are provided with means of testing to 
insure that the adjustment is properly 
made. Special installation and main- 
tenance tests are also made to insure that 
the axis of the ogee lens is adjusted to 
pass through the center of curvature of 
the mirror. 
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It is obvious that an optical system of 
this type can be increased in efficiency 
up to the point where it gathers all the 
light that the kinescope is capable of 
radiating into a hemisphere. However, 
image quality falls off, and weight, size 
and cost increase as more light is gath- 
ered. All things considered, efficiency 
is at a practical maximum when the 
system gathers only the light within a 
cone of approximately 90° diameter, 
which is about one-half the light radiated. 
Other losses due’ to tube-blocking, ob- 
struction of light by mechanical parts, 
absorption by the mirror, and reflection 
losses at lens surfaces bring the efficiency 
of light utilization down to about 30%, 
depending upon kinescope diameter. 
This is still about five times the efficiency 
of an f/2 projection lens. 

When the ogee curve of the lens is 
modified to take care of projection dis- 
tance changes in excess of a nominal 
10% to 15%, the diameter of the lens 
must change also. The change is great- 
est in the range of low magnifications. 
From 5X to 10X, the ogee lens diam- 
eter increases about 20%. From 10X 
to 20, the increase is about 9%. Be- 
tween 20X and 40, it increases only 
about 5%. The ultra-speed system re- 
quires lenses of the largest size because 
it operates at high magnification in the 
theater. 

The ogee lenses supplied with these 
systems have been very carefully com- 
puted to make the system completely 
free of spherical aberration at the center 
of the picture, where it is most desired 
to have maximum detail and contrast. 
Also, care is taken to balance the chro- 
matic aberration inherent in the lens in 
such a way as to minimize its effect on 
contrast and avoid the appearance of 
color in the picture. The effects of the 
thickness and curvature of the faceplate 
of the kinescope are taken into account 
in the computations. The design of each 
lens is carried through with the greatest 
possible care and many computational 
checks are made on the completed de- 


sign to insure against errors that would 
spoil the shape of the lens. Manufacture 
of the lens is based upon coordinates 
computed at radial intervals of 1 mm, 
or for about three hundred zones in the 
case of the 15.515-in. focal length system. 
Care of this order is carried right on 
through the processes of lens manufac- 
ture. The good performance of the 
ultra-speed system depends upon the 
greatest care being taken in design and 
production of the ogee lens. 

The high limiting resolution of 1200 
lines or better over the entire picture is 
an indication of the extreme flatness of 
the image produced by this system. 
This is especially emphasized by the 
fact that the depth of focus of a system 
of this speed and range of magnifications 
is very small at the screen. A movement 
of the screen of 3 or 4 in. will cause 
marked defocusing of the image and 
loss of detail contrast and resolution. 
As a result of this limited focal depth, 
not only must the curvature of the image 
be very small, but the system must be 
carefully installed to insure that the axis 
of projection is at right angles to the 
screen. Very little tilt of the screen 
away from its optimum position is per- 
missible. 

In closing, the writers would like to 
acknowledge the efforts of all who have 
in any way contributed to the successful 
performance of this optical system, espe- 
cially those of D. W. Epstein, I. G. 
Maloff, D. J. Parker, G. L. Dimmick, 
J. E. Volkmann and R. V. Little, Jr’, 
of the Radio Corporation of America, 
and personnel of the American Optical 
Company at Southbridge, Mass. 
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Discussion 

Dr. F. N. Gillette: What is meant by 
the term “ogee’’? 

John E. Volkmann (who presented the paper) : 
According to the dictionary, the name 
“ogee” is applied to an object having an 
S-shaped profile. Because a radial section 
of the lens clearly has such a profile, the 
name is obviously applicable. This type 
of lens has been variously called a “cor- 
rector plate,” a “corrector lens” and an 
‘aspheric lens.” It is felt that the name 
“‘ogee” lens is more descriptive of the form 
of the lens than any of the older terms, and 
has the advantages of shortness and 
phonetic simplicity. 

Dr. Gillette: A further point, I think I 
heard an implication that by changing the 
design of the ogee lens you could change 
the focal length in some appreciable 
quantity. Is that correct? 

Mr. Volkmann: The focal length of the 
optical system remains unchanged when 
the ogee lenses are changed to take care 
of a series of projection distances, unless a 
change is made in the radius of curvature 
of the concave mirror. 

Dr. Gillette: It just has been my impres- 
sion that the ogee lens contributed very 
slightly to the net focal length of the whole 


system, and consequently I would be very 
much interested in learning your method 
whereby changing that lens would change 
the total focal length appreciably. 

Mr. Volkmann: The ogee lens plays only 
a small part in determining the net focal 
length of the whole optical system, as you 
suggest. The curvature of the concave 
mirror largely determines the net focal 
length of the system. 

Mr. Strickland: Is the barrel sufficient 
shield for radiation to prevent physical 
harm? 

Mr. Volkmann: 1 presume you are re- 
ferring primarily to the x-ray radiation 
effects? 

Mr. Strickland: Yes. 

Mr. Volkmann: The barrel is completely 
shielded, not only with respect to the metal 
parts themselves, which are fully lined 
with the proper thickness of lead, but, as 
explained, the radiation filter is a glass 
that cuts down the x-ray radiation so that 
the unit is completely protected and meets 
all the Underwriters’ requirements with 
regard to x-ray shielding. 

A, D. Fowler: You mentioned that the 
optical system presently controls the fine- 
detail contrast. I’d like to know about 
the spot size on the projection tube itself. 
Is it any worse or better than a kinescope 
receiver? Do you know that? Is it so 
much better that it’s only the optical parts 
that control the fine detail? 

Mr. Volkmann: Limiting resolution of 
the 7-in. projection kinescope spot is 
approximately 700 TV lines. There is 
usually no trouble resolving the monoscope 
test pattern. This pattern has a resolution 
wedge that extends to 500 lines. The 
projected fine detail contrast is the re- 
sultant of contrast in the kinescope and in 
the optical system. The figures given in 
this paper refer to the optical system only. 
The contrast would not be as good if the 
effects of the kinescope were included. 
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Independent Frame—An Attempt at 
Rationalization of Motion Picture Production 


By LT.-COL. G. R. STEVENS, O.B.E. 


To reduce the cost and improve the efficiency of motion picture production, 
the Independent Frame technique, sponsored by the J. Arthur Rank Organi- 
zation of Great Britain, aims at a flow system of production. This method, 
which has had marked success in a series of experimental films, now is being 
developed for use with television cameras and for remote direction and editing. 


PROBLEM OF CosTs always has 
haunted the motion picture industry. 
The production of a picture abounds 
in loose ends and although many at- 
tempts have been made to improve on 
this state of affairs almost all of them 
have failed. A popular concept of 
economy has been to take the script, 
hack some scenes out of it and so save 
shooting time, Needless to say, this 
process in itself results in additional 
confusion. 

For a number of years it has been 
apparent to some people within the 
industry that more thought should be 
given a particular production before it 
reaches the studio floor. The studio 
floor is an expensive place to think, 
because it costs a lot of money to have a 
cast and crew stand by while lighting, 
camera angles, last-minute costume 


Presented on April 30, 1951, at the Society’s 
Convention at New York, by Lt.-Col. G. 
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changes and even the placement of 
properties are decided on. 

Inother lines of business it has been pos- 
sible to circumvent such misadventures. 
Modern industrial technique is based 
on the theory that nothing ever need 
be out of place and that it is possible 
to eliminate human errors as cost factors 
through the establishment of assembly- 
line production methods. The lack of 
long-term preplanning and the absence 
of the orderly procedure of the assembly 
line is what has made the production of 
motion pictures such a wasteful and 
costly process. 

Such thoughts as these revolved in 
the mind of a young Englishman named 
David Rawnsley, a set designer in one 
of the British studios. In the course of 
designing and building the sets for more 
than 200 films, he had ample opportunity 
to observe the costliness and waste of 
motion picture production routines. 
He wondered if the crowded stages, the 
interminable delays, the chopping and 
the changing, the noise and the con- 
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fusion, and the other uneconomic aspects 
of motion picture production were really 
necessary. By 1944 he thought he saw 
a way out, a method by which modern 
industrial assembly-line technique could 
be applied to film production. 

He put his ideas before J. Arthur 
Rank and was invited to become Head 
of the Research Department of that 
organization. He was given generous 
facilities for experiment and in the next 
four years spent roughly the equivalent 
of $3,000,000. By the end of that 
period, the broad outlines of a new 
method of motion picture production 
had emerged; whereupon, Rawnsley 
formed Television Film Productions 
Ltd. to act as consultants on the processes 
which he had devised. The Pinewood 
Studio was re-equipped for experiment, 
and the J. Arthur Rank Organization 
authorized a series of films to be pro- 
duced by Rawnsley’s methods. 

There was nothing experimental about 
these first productions under the new 
technique. They were full-budget pic- 
tures with costs based on normal pro- 
duction methods. The earliest picture 
to be placed in work was given a budget 
of $600,000 and those which followed 
were in the same cost bracket. 

The J. Arthur Rank instructions to 
Rawnsley were rigorous. His processes 
had to justify themselves not by slight, 
but by marked economies. The com- 
pleted films had to be not only equal to, 
but better than, standard productions, 
both in technical and artistic values. 
Above all else, the new processes had to 
justify themselves by simplifying the 
routines of production; by proving 
that it is possible to make motion pictures 
of high quality with less trouble, with 
less waste of time and with less expendi- 
ture. 


Independent Frame and Live Action 


Rawnsley called his process Inde- 
pendent Frame. He regarded every- 
thing but the actors as the frame of the 
film picture. The sets, the properties 
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and perhaps most important of all, the 
perspectives, were to be built as a unit, 
transported as a unit, set as a unit and 
struck as a unit. His settings, his 
properties and his vistas would be put 
in place, would be used, and afterward 
would be removed in from one-tenth to 
one-third the time expended in ordinary 
stage preparations. In addition, a good 
many of the stage settings would be 
dispensed with entirely through the 
extended use of back projection as well as 
other special effects and lighting proc- 
esses. 

Thus, in Rawnsley’s plans, there 
would be two partners in production — 
the Independent-Frame partner and the 
Live-Action partner. Neither would 
interfere with the other. Instead, they 
would keep out of each other’s way 
and so save time and money. 

The first necessity was a certain 
amount of reconstruction in Pinewood 
Studio. Twin stages were built, each 
200 by 175 ft in area, with a collapsible 
insulated partition between them, The 
studio area beyond the stage was ar- 
ranged on the assembly-line principle. 
Figure 1 shows that it begins at the area 
marked Materials. Thence, all stores 
proceed to the area marked Shops, which 
includes carpenter, plaster, paint and 
other construction shops. Adjoining the 
shops is the Assembly Bay, with the Scene 
Dock on one side and the Waiting Bay 
on the other. The Scene Dock is not 
shown on the chart; it may be situated 
either on one side of the Assembly Bay 
or in its rear. In the Assembly Bay, 
the sets are mounted on set floats, or 
mobile rostrums, as they are called in 
England. If a set is too large for one 
float, the rostrums may be interlocked. 
Minor finishing jobs are done in the 
Assembly Bay; thereafter, the Property 
Department takes over and dresses the 
set. 

The set floats then are towed into the 
Waiting Bay which is divided from the 
stage by acoustically insulated sliding 
doors. The Waiting Bay must be large 
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enough to accommodate the live sets 
going on stage and the dead sets coming 
off. 

In order to dress the stage with mini- 
mum confusion, the majority of sets are 
flown into position by the aid of an 
overhead gantry. This gantry consists 
of five banks of running bridges, each 
a 24-ft section, each section operating 
independently and capable of carrying 
a point load of three tons. The special 
rehearsal stage is off on one side, out of 
the way. On the front of the Stage, 
individual approaches have been marked 
out for Stars, for bit players and super- 
numeraries, and for technicians and 
production staff, in order that each ele- 
ment in the production group will 
interfere as little as possible with each 
other. The dressing rooms and ad- 
ministrative offices are behind the area 
marked Canteen. 

The involved and radical lighting 
setup employed in Independent Frame 
has been described elsewhere.! Suffice 
it to say, nearly all Independent-Frame 
lighting is indirect. An ingenious re- 
flector system is employed which dis- 
penses with light rails and reduces the 
candlepower of the normally lighted set 
by almost two-thirds. 


Fig. 1. The Independent-Frame assembly line. 


Construction of Independent Frame 


The construction of Independent 
Frame begins, as all modern industrial 
technique begins, with intensive plan- 
ning. It is not suggested that under 
the normal system of motion picture 
production planning is not intensive. 
In its primary stages, Independent 
Frame embodies little that is new, It 
simply carries existing practices further 
than is customary in the normal produc- 
tion. 

From six to nine months before shoot- 
ing date the Independent-Frame team 
goes to work. It begins by blueprinting 
the production. After the blueprints, 
the next step is the prefabrication of all 
backgrounds. 

All settings must be organized and 
complete to the last detail before shoot- 
ing begins. The first step is a library 
job, carried out by one or more still 
photographers who go on location with 
precise instructions as to what is needed 
for background process work, for trans- 
parencies, for superimpositions and for 
all other setting requirements. Moving 
and static matte effects, foreground 
transparencies, miniatures and models, 
special photographic effects and other 
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Fig. 2. A Warning to Wantons shot, with the vista in back projection. The colon- 
nade vista, in which the girls and the nun are standing, shows in brilliant detail 


to great depth. 


accessories are produced and fitted into 
the general background scheme. 

Live action may be incorporated in 
this synthetic background through the 
inclusion of film; beyond a window or 
a door, crowd scenes, rolling waves or 
other movements may be introduced. 
The sum of these various agencies, when 
coordinated beforehand, is an attempt 
to bring the location into the studio with 
the greatest possible realism and at the 
lowest possible cost. 

In his first Independent-Frame sets, 
Rawnsley aimed at a minimum of con- 
struction and a maximum of special 
effects. His success is evident when his 
films are examined frame by frame. It 
is next to impossible to discern where 
authentic construction ends and where 
process takes over. Often there is 
nothing on the set except a chair or a 
piece of furniture; or, if an entrance is 
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required, there may be a door in its 
frame. The process background film 
supplies the remainder of the room. 
Warning to Wantons, the first of his 
feature films, is well worth study, as 
he tried his complete bag of tricks in it. 
It is noteworthy for the manner in 
which the junctions of actual settings 
and back projection have been disguised, 
for the way in which transparencies, 
matte processes and live action have 
been coordinated in the backgrounds 
and for the clever use — and equally 
clever avoidance — of shadows (Fig. 2). 
In a number of instances Rawnsley 
succeeded in having an actor reach 
behind a nonexistent angle for a box of 
cigarettes. He has had an actor climb 
three real steps of a staircase, and there- 
after left him with his foot in the air, 
stepping off into the back projection. 
In a later picture, Floodtide, he saved a 
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day on location thréugh the use of a real 
girder in the left foreground (Fig. 3). 
The remainder of the set was a back 
projection of a shipbuilding cradle, with 
superimposition of film to bring the 
characters across it. A quick cut, and 
the players stepped out from behind 
the girder to take up their roles. 
When these prefabricated backgrounds 
of Independent Frame have been com- 
pleted, they are recorded on a Story 
Reel for study, for adjustments and for 
a final O.K. In the same manner, 
sound effects and music tracks are as- 
sembled and recorded. Properties and 
set pieces follow into the set. Models 
and foreground miniatures are incor- 
porated. The ideal —and it is quite 
possible of realization—is to have 
every stage detail settled and every set 
organized for rapid mounting and strik- 
ing before the first rehearsal call. When 
the shooting begins, the stage crews, 
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Fig. 3. The actual construction in a ship’s cradle, as used in Floodtide. 
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except for a minimum of technicians, 
have completed their tasks. The sets 
are final, the lighting is correct, the 
properties are in place and the camera 
angles have been decided on. The 
Independent-Frame production then is 
ready to roll. No time has been wasted 
nor have any costs been incurred on 
the shooting stage. 


The Story Reel 

So much for the Frame of the picture. 
In similar fashion the story treatment has 
been organized beforehand. About the 
same time that the Frame Team gets 
down to business, from six to nine 
months before shooting date, the Script- 
ing Team starts to work. This team 
consists of the producer, the director, 
the writer, the set designer, the editor, 
the sound director and the cameraman. 
Their objective is to present their 
individual problems to each other in 
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order to agree on a joint conception of 
the production. 

In British studios, under ordinary 
production conditions, an average of two 
hours in each working day is lost in floor 
discussions, in reconciling differences of 
opinion among the technicians, and in 
chopping and changing the script or its 
presentation. This does not occur under 
Independent Frame. When agreement 
has been reached, a Pre-production Story 
Reel is filmed. This Story Reel presents 
orally and visually a timed continuity of 
the proposed production. Sketches are 
prepared for every scene; complicated 
scenes may require several sketches. The 
sound track of the Story Reel consists of 
a narrator, who may add whatever musi- 
cal score or pertinent dialogue he deems 
necessary to explain the plot or to make 
the characterizations effective. Thus, at 
any time before shooting begins, the en- 
tire production can be examined in 
sequence, can be mulled over, or can be 
altered without costing a minute of floor 
time. When it finally is approved, the 
Story Reel forms the basis for the com- 
pilation of the actual Shooting Script, 


which is prepared in the usual manner, 
with setting, lighting, sound, camera and 
action directions on one page, and the 
story and dialogue on the facing page. 


Shooting 

Now comes the call for the actors. 
First rehearsals are carried out by prin- 
cipals only. They take from three to 
four weeks. Thereafter there follow no 
more than three to five days of dress re- 
hearsals on the process stage. At this 
juncture the twin stages earn their keep. 
A previous film may be finishing up on 
one half of the stage, while the dress re- 
hearsals are conducted on the other half. 
This is possible only because of the pre- 
fabrication both of the Frame and of the 
Story of the picture, independently of 
each other. The majority of the tech- 
nicians have done their jobs and are out 
of the way. Everything now is ready for 
the marriage of the Live Action to the 


G. R. Stevens: Independent Frame 


prepared Frame and to the other pre- 
recorded film material. 

Thus, the shooting of the picture begins 
and continues under the best possible 
auspices, without interruptions and with- 
out changes. There are relatively few 
people underfoot and nothing to distract 
from the task in hand. As a result, the 
floor time, which is the biggest element 
in production costs, is cut substantially. 
More pictures can be made in a year with 
the existing studio facilities. 

The foregoing details of the production 
organization of Independent Frame are, 
of course, little more than a summary. 
First in the field of results comes the all- 
important factor of economies. 
Economies 

On the first four pictures produced by 
Independent-Frame methods, marked 
savings were effected. As an illustration, 
the first film, Warning to Wantons, was 
allotted a budget of $600,000. Its actual 
cost was $360,000. The shooting time 
had been estimated at 14 weeks. The 
actual shooting time was 8 weeks. 

In each of the six phases of produc- 
tion — the prefabrication of the Frame, 
the prefabrication of the Story, the 
Scripting of the Treatment, the Re- 
hearsal, the shooting and the Postpro- 
duction Editing — there were note- 
worthy savings both in time and in 
money. 

Such savings, in the case of a single 
film, are but a fraction of the economies 
effected if the studio can be maintained 
in continuous production. Then it be- 
comes possible to stagger each of the six 
phases of production, so that key staffs 
can be employed continuously, moving 
on from one film to the next while the 
requisite producers, directors and artists 
succeed each other on the studio floor 
at short intervals. Under such condi- 
tions it becomes possible, through the 
many advantages of Independent Frame, 
to complete as many as twenty full-length 
features per year on a single twin-stage 
unit. During the shooting period, a 
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yield of ten minutes of finished picture 
daily is not unusual. Mr. Rawnsley, in 
his detailed report on the test produc- 
tions, summarized the achievements of 
his processes in a single phrase, “Half 
the time at half the cost, on half the usual 
stage space.” 

In addition to immediate savings, there 
is a long-term economy involved in Inde- 
pendent Frame. Much of the pre- 
fabricated Frame is recoverable as library 
material. It can be combined to form 
new settings. It can be used for different- 
language versions of the same picture. 
The international implications of possess- 
ing settings which will allow directors in 
other countries to employ their own casts 
and to interpret scenes to suit their own 
audiences, may prove in time to be an 
important aspect of the Rawnsley tech- 
nique. 

The first pictures produced by Inde- 
pendent Frame undoubtedly fulfilled the 
conditions set by the J. Arthur Rank 
Organization. They saved money with 
no loss in artistic or technical values. 
They simplified production techniques. 
Reactions 

The opinions of technicians on the 
processes varied widely. There would 
have been something wrong had it been 
otherwise. Some denounced the proc- 
esses as unreal and overmechanical. 
Cameramen as a whole did not like the 
process. They felt that their preproduc- 
tion planning, in which they worked out 
setups and camera angles in advance, 
did not do them justice. In addition, 
they took a rather dark view of so much 
back projection and superimposition. 
But there was no evidence in the finished 
pictures that the camera work had suf- 
fered. The actors and actresses, who 
might have objected to playing against 
phony backgrounds, were not adversely 
affected and turned in their customary 
performances. Directional and adminis- 
trative staffs were highly in favor of 
Independent Frame, as it halved their 
work and their worries. The theater 


audiences did not detect any differences 
in the settings and, after all, the customers 
are the final court of appeal. 

Since the first four pictures, there have 
been several other Independent-Frame 
productions, most of which have played 
in New York and in other parts of the 
United States. 

Television in Film Production 

The original Independent-Frame tech- 
nique, however, now is its least interesting 
aspect. David Rawnsley has moved on 
to more radical innovations. He always 
has had in mind the possibility of em- 
ploying television in film production, 
since its use would simplify and accelerate 
his original aim to lower costs without 
sacrifice of artistic or technical quality. 
Here again, the Rank Organization 
backed him up by ordering test produc- 
tions. As in the first instance, stringent 
conditions were laid down by which the 
success of such productions would be 
judged. 

This television technique still is in 
process of development (Fig. 4). Briefly, 
six or more television cameras are sub- 
stituted for standard film cameras on the 
studio floor. They work on a standard 
of definition sufficiently high to record 
the same quality of image as standard 
film cameras. They are fitted with elec- 
tronic view-finders which allow the 
camera operator to examine the picture 
he is transmitting. These pictures are 
fed simultaneously onto electronic moni- 
toring screens, not only in the director’s 
control booth but also to other tech- 
nicians entrusted with cutting, mixing, 
superimposing and combining the live 
action on the studio floor with previously 
recorded material. A combining screen 
allows the director to prerecord his back 
projection and matte processes. He thus 
saves considerable floor time. From a 
booth which may be built into the wall 
of the studio or may be slung from the 
gantry over any part of the stage, the 
director controls all processes. He studies 
the results of live action on his preview 
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screen, he calls for whatever changes he 
requires, he orders his cuts, his mixes and 
his superimpositions. Finally, he views 
the finished product on a main monitor- 
ing screen. Only then, when it has re- 
ceived a final O.K., does it pass to the 
recording room to be placed on film. 
Immediate processing follows and the 
film is fed back to the director on a 
scanner for a last look before he con- 
tinues with the next scene. Sound is 
monitored in the same manner as the 
film images. 

It would be foolish to claim that there 
are no difficulties in this radical process. 
It is only in its infancy and, like all in- 
fants, it squalls occasionally. A well- 
known British technician-consultant re- 
cently published the results of a sequence- 
by-sequence analysis of three films in 
order to discover the causes of additional 
takes and retakes, and the part that tele- 
vision aids and electronic monitoring 
play in reducing production time. His 
opinion is that, at the present stage of 
development, electronic monitoring 
screens are of less value than rapid 


“rush” developing, which allows the 
preceding sequence to be studied on the 
film within minutes of shooting. The 
immediate examination of “rushes’’ is, 
of course, standard Independent-Frame 
practice.? 

The advantages are so great, the possi- 
bilities of electronic techniques so vast, 
that it would be a bold man who would 
say that David Rawnsley is on the wrong 
road. It has been stated that others in 
Hollywood are working toward the same 
end. It is fair, therefore, to assume that 
in the course of time Independent Frame 
will be something very different from 
what it is at present, but it will be re- 
membered as a pioneer experiment in a 
new and vastly more efficient technique 
of motion picture production. 
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Progress in Photographic 
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ge PURPOSE of this paper is to define 
the field of photographic instrumentation 
and to report briefly on the progress 
that was attained in that field during 
1950. 

The photographic method is used, ac- 
cording to Dr. C. E. K. Mees,! for: (1) 
the recording of visible images; (2) inte- 
grating radiation over long periods; (3) 
detecting invisible radiation; and (4) 
meRENS the intensity of radiation. 


Poemend on May 2, 1951, at the Society’s 
Convention at New York, by Kenneth 
Shaftan, Director, Photographic Instru- 
mentation, J. A. Maurer, Inc., 37-01 31st 
St., Long Island City 1, N. Y. 


November 1951 Journal of the SMPTE Vol. 57 


Special Photosensitive Sys- 
tems 

. High-Speed Processing 

. Optical Elements 


Basically, both qualitative and/or 
quantitative data can be obtained. Re- 
lating these basic techniques to the needs 
of science, it may be seen that the photo- 
graphic method has found exceptionally 
widespread use. Indeed, the photo- 
graphic method is being used extensively 
in almost every branch of science and 
engineering. It is significant to note 
that the photographic industry of the 
world is three times the size it was in 
1939, and that currently two-thirds of all 
photographic materials produced are 
used in business, industry, government 
and science. 
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I. HISTORICAL 


Among the earliest uses of photography 
were the scientific. In March 1840, 
nine months after the French govern- 
ment released the daguerreotype process 
to the world, Dr. John W. Draper took 
the first successful photograph of a 
celestial object the moon. At the 
Harvard College Observatory, attempts 
were begun in 1848 to make daguerreo- 
type, or talbotype, pictures of stars,? with 
the first successful results obtained on 
the star Vega in July 1850. Professor 
S. F. B. Morse and others were active in 
this field at about the same time. 

The antecedent techniques of motion 
picture photography developed by Muy- 
bridge,? Eakins and others were for the 
study of animal and human locomotion. 

Moser, in 1842, first observed radio- 
active effects on photographic emulsions. 
The fogging of silver chloride and iodide 
emulsions by uranium salts was rather 
thoroughly investigated by Niepce de 
Saint-Victor in 1867. The researches of 


Becquerel, the Curies, Wilson and many 
others used photographic emulsions as 
instruments in nuclear research. Up to 
the invention of the Wilson cloud cham- 
ber, the emulsions used were those de- 
veloped for visible spectrum photog- 
raphy. Today we have _ emulsions 
especially developed for nuclear studies, 
and, as a result, there has been a great 
revival in the use of nuclear photographic 
techniques. To date, some thirteen 
nuclear particles have been detected and 
identified through the use of these tech- 
niques. 

The early efforts have been refined and 
extended in application, providing 
science with many specialties which de- 
pend in great measure on the photosensi- 
tive medium. Applications have be- 
come so widespread and diverse that, 
compared with the extent of the effort, 
relatively little has been done to coor- 
dinate this field. 


II, DEFINITION 


To aid in codification and unification 
of the field encompassing the scientific 
uses of photography, we need a term to 
describe it adequately. The term, photo- 
graphic instrumentation, is proposed and 
defined as: The use of the photosensitive 


medium for the detection, recording and/or 
measurement of scientific and engineering 
phenomena. Photographic instrumentation 
thus includes the apparatus, the tech- 
niques, the processes and the applica- 
tions in scientific endeavors. 


Ill. THE PRIOR STATE OF THE ART 


The usefulness of photographic instru- 
mentation has been expanded slowly 
since its earliest applications but it has 
received great impetus during the last 
two great wars. It is not the purpose of 
this paper to review all that has gone 
before; indeed, such would be a fabu- 
lously complex and difficult task which 
would take many years, a large staff and 
considerable funds to accomplish. That 
this is needed is seen most clearly in the 
almost daily appearance of new embodi- 


ments of old, discarded and essentially 
worthless devices and techniques. 

A number of excellent abstract and 
digest publications,~* many of them 
founded over thirty years ago, have 
attempted to keep us abreast of doings in 
photographic instrumentation. But this 
field repsesents only a small part of the 
interest of these periodicals. It must be 
borne in mind that much of the informa- 
tion is in abstract form, requiring the 
reader to go to the original papers for 
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complete information and for evaluation 
of the subject matter. Also, neither the 
Universal Decimal Classification, nor any 
other classification method, is considered 
to have codified this field of knowledge 
adequately, particularly since the most 
comprehensive classifications have not 
been revised in many years. 

We, here, entirely or partially exclude 
a number of specialized spheres of photo- 
graphic instrumentation which have been 
given greater impetus than most others: 
astronomy, spectrography, aerial photog- 
raphy and the orthodox radiography, 
for example. Work in these fields has 
had most excellent survey and they have 
progressed apace as a result. 

Concerning the less well established 
fields of photographic instrumentation, 
little textual information exists. One of 
the earliest is on the subject of spark tech- 
niques used for the study of “‘splashes.’’® 
Another early work was that of Professor 
Conrady and others” concerning a num- 
ber of photographic applications in 
science. Photographic techniques are 
included in Cranz’s famous Lehrbuch der 
Ballistitk,§ and in Fink’s Die Photo- 
graphische Messtechnik,'* both of which 
have not been generally available in this 
country. Tupholme’s Photography in 
Engineering" presents a semipopular view 
of some of the phases of photographic 
instrumentation. 

Early texts on high-speed motion pic- 
ture photography were written by 
Magnan in 1932.14% Then, no text 
appeared on this subject until the exten- 
sive papers, first published by Fayolle 
and Naslin in the 7948 French Memorial de 
(Artilleria Frangaise, were collected into 
book form."* A short review of photog- 
raphy in astronomy is given in a new 
Kodak publication.” 

Light sources of interest to photo- 
graphic instrumentation are discussed in 
Bourne’s work,” while oscilloscopic re- 
cording details are covered in a recent 
Ilford publication.” A most interesting 
book on nuclear applications is that by 


Powell and Occhialini,® and an excel- 
lent text by Yagoda exists on the use of 
nuclear emulsions.*! 

A staggering amount of material exists 
in the periodical and patent literature 
from about 1850 to the present. One 
can readily see that it is beyond the scope 
of this paper to bring to the reader the 
state of the photographic instrumentation 
art prior to 1950. There is a serious gap 
in the organized record of our knowledge, 
and it is hoped that a thorough project 
will one day present all the pertinent 
information. 

Highlights of some of the more impor- 
tant developments of the past ten years in 
many photographic fields, including some 
of photographic instrumentation inter- 
est, are given in the new publication by 
American and European scientists edited 
by D. A. Spencer.?. This book is neces- 
sarily brief and in summary form, but it 
is a most helpful review which the author 
hopes will become a continuing and fre- 
quent work. 

Two new French works are of interest: 
Chronophotographie des Champs Aerodyna- 
miques by Bourot,** covering the use of 
smoke particles for making aerodynamic 
flow visible, and Le Cinema Scientifique 
Frangais by Thevenard and Tassel,*4 
which is in the nature of a review of 
French application of motion picture 
photography techniques to scientific in- 
vestigation and to education. 

A book recently published in Germany, 
is noted: Die Photogrammetrie in ihrer 
Anwendung auf Nichttopographischen Gebieten 
by Lacmann.* 

The High-Speed Photography Com- 
mittee of this Society has inaugurated 
work on a treatise on photographic in- 
strumentation by specialists in each phase 
of this field. This work will necessarily 
take some time to produce, but will fulfill 
a long felt need for complete and compe- 
tent technical information. The Com- 
mittee will no doubt present progress 
information as work in the field 


proceeds. 
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IV. PROGRESS IN 1950 
time sequence in a vertical plane passing 


A. Introduction 

In writing this paper, it became ap- 
parent that information was to be found 
in an increasingly large number of scien- 
tific journals, both domestic and foreign. 
No single abstract or digest publication 
codifies the published literature in photo- 
graphic instrumentation. Very often, 
instrumentation data are omitted from 
the abstract and can be unearthed only 
by further scrutiny. Sometimes, knowl- 
edge of the field of endeavor, or of the 
past work of the investigator, will lead 
one to information on this subject. In 
many Cases, it was a true disappointment 
to find that only the briefest mention was 
made of the techniques employed. 

In all, some 12,000 abstracts were 
scanned and some 500 of them were 
chosen for further study. Some fields 
have been examined only briefly and 
others not at all. Thus, this paper can- 
not be considered to be exhaustive. 

An attempt has been made to read as 
many papers as possible and where they 
were not readily available, reference was 
made to the abstract and digest journals. 
In a survey of this sort, only a brief men- 
tion may be made of any one instrument 
or technique, and the reader is referred 
to the original paper listed in the bibliog- 
raphy for more complete information. 


B. High-Speed Still and Motion 
Picture Photography 


A number of high-speed cameras were 
introduced during 1950, covering a re- 
markable range of frame frequencies and 
indicating a very interesting future poten- 


tial. 


A modification of the gun camera used 
in aircraft was accomplished to provide 
for 1000 frame/sec for use in rocket 
studies. * 

The Beckman & Whitley Temporal 
Sequence Camera” provides quantita- 
tive measurements of the velocity and 
acceleration of objects moving at high 
speeds, of the order of 2000 mph. This 
camera uses a slit technique, recording 
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through the optical axis of the lens. It is 
equipped with an electronically regu- 
lated power supply and timer control. 
Time is recorded in the form of numbers 
showing lapsed seconds and hundredths 
of a second with intermediate pips 
spaced at thousandths of a second. 
Printer dials accumulate 1000 sec/turn- 
over and longer periods may also be 
handled. Event timing can also be re- 
corded. Continuously variable film 
speed in either direction permits the re- 
cording of events progressing in either 
direction. The film used is 35-mm in 
120-ft magazines. A strip is produced 
wherein the image is a geometric plane 
figure of generation with the horizontal 
coordinate representing time. Events 
taking place vertically in the slit plane 
are expanded horizontally, coordinated 
with the calibrated time scale. Gaseous- 
discharge light sources may be used in 
conjunction with this camera to produce 
conventional sequence photographs. 
The camera may also be used to record 
phenomena such as cathode-ray oscillo- 
scope traces, acting as a continuously 
moving film camera. 

A group at the Department of Aero- 
nautical Engineering of the University of 
Minnesota, in a paper® before this 
Society, discussed the British Marley 
High-Speed Camera which provides for 
58 pictures at rates up to 96,000 frame/ 
sec. This camera had been described 
previously in British and French journals. 
It is a relatively simple device operating 
on the principle of a vernier and has only 
two moving elements: a slit disk and a 
capping shutter which consists of a 
similarly slotted disk, Figs. 1 and 2. The 
film is approximately 2 m long, 35 mm in 
size, daylight loaded and held stationary 
during photographing. In order that 
the photographs may be studied by pro- 
jection, it is necessary to rephotograph 
each of the frames onto motion picture 
film. The frames produced in the 
Marley camera follow a complex se- 
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Fig. 1. The Marley Very High-Speed Motion Picture Camera (front view). (Courtesy 
of Hinz, Main, & Muhl.*) 


t Fig. 2. The Marley Very High-Speed Motion Picture Camera (rear view). (Courtesy 
of Hinz, Main, & Muhl.*) 


Kenneth Shaftan: Photographic Instrumentation in 1950 447 


| 
‘ 


quence, with frame No. 2 produced 48 
frames following frame No. 1. Frame 
No. 3, again being displaced 48 numbers, 
is in position 38, and soon. The maxi- 
mum frame frequency, with the rotor disk 
turning at 6000 rpm, is 96,000; the expo- 
sure duration per frame is approximately 
10.5 ysec with the overall exposure time 
for 59 frames at 618 ysec. Gaseous-dis- 
charge tubes (FT403 and FT503) were 
used at various energy levels as illumi- 
nants. 

A rather ingenious hand-held, high- 
speed motion picture camera, the Rotax,” 
uses the optical compensation of a rotat- 
ing prism for image formation. This 
camera was designed by Askania Werke 
in Germany before World War II, and 
an early model, picked up as an after- 
math of war, has been tested in this 
country. The Rotax employs an octa- 
hedron prism fixed axially on the same 
shaft as the focal plane sprocket. As the 
prism rotates, the image is transmitted to 
the film by means of a multiple fixed- 
prism system. The inherent synchroni- 
zation of the rotating compensator and 
film movement produced by this arrange- 
ment and the relatively small angle of 
incidence through which the prism 
rotates per frame produce an image of 
fair resolution. The camera weighs 13 
Ib, is approximately 11 X 84 X 11 in., 
has a continuously variable speed from 
24 to 600 frame/sec, and carries 100 ft of 
35-mm film. Lenses of various focal 
lengths may be used by means of an 
adapter. The motor speed may be 
controlled by varying the voltage applied. 

Reporting before this Society, Dr. 
Paul Fye* of the Naval Ordnance Lab- 
oratory disclosed the design of the Jacobs 
and Klebba* high-speed motion picture 
camera. This camera follows essentially 
the principle of the Bowen and the Miller 
50,000 frame/sec cameras. An image 
of the subject is focused onto a rotating 


*S. J. Jacobs, Naval Ordnance Labora- 
tory, and A. A. Klebba, Woods Hole 
Oceanographic Institution. 
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mirror having its axis of rotation on the 
focal axis of the taking lens. The rotat- 
ing mirror, having its plane of reflection 
45° to its rotational axis, reflects the 
image successively through 100 framing 
lenses to stationary film mounted on the 
inside of a drum. The mirror may be 
revolved to speeds of 18,000 rpm, pro- 
ducing at this speed 100 frames at a fre- 
quency of 30,000 frame/sec. A capping 
shutter is employed to prevent multiple 
exposures. This paper also gives a short 
exposition of the event synchronization 
techniques and results of Fastax and 
Eastman high-speed motion picture 
camera photography using flashbulbs as 
light sources in the study of underwater 
explosion phenomena. 

Another multiple-lens camera, but one 
operating on a different principle from the 
preceding device, has been described by 
L. Bull** of the Institut Marey of Paris. 
This camera produces 50 circular images 
of 16-mm diameter on a plate measuring 
13 X 18cm. Bull uses 50 lenses of 25-mm 
focal length, f/3.5, arranged in 7 stag- 
gered arcs of concentric circles, forming a 
close group. A shutter, in the form of a 
large-diameter disk fitted with slots, 
successively uncovers the various objec- 
tives. With the shutter rotating 60 rps, 
a frame frequency of 3,000/sec is pro- 
duced. Because of parallax caused by 
the distance between the extreme lenses 
(of the order of 2 ft at an object distance 
of 3 to 4 m, where it becomes negligible), 
the camera cannot be used for cinemicrog- 
raphy or for the photography of very 
close objects. The camera may be used 
to project the images produced in their 
normal order by mounting a projection 
source thereon. 

A multiple-slit focal plane scanning 
shutter, used in conjunction with a 
rotating mirror, forms the basis of an 
ultra-high-speed motion picture camera 
developed by M. Sultanoff*? of the Ballis- 
tics Research Laboratory, Aberdeen, 
Md., following the work of F. E. Tuttle.*? 
The object to be photographed is imaged 
by a lens of long focal length onto a grid 
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Fig. 3. Sultanoff-Ballistics Research Laboratory Ultra-Hig 
Picture Camera. (Courtesy of M. Sultanoff.**) 


(two types are described, 0.0005- and 
0.0001-in. slits cut on opaque coated glass 
4in. X 4in. X }in.). A second imag- 
ing lens of 360-mm focal length focuses 
the image onto a rotating mirror which 
in turn reflects the image, using a 20-in. 
optical arm, onto a 4 X 5 in. photo- 
graphic plate. Thus, a series of indi- 
vidual slit-width images of a fixed-space 
varying-time nature are produced. By 
moving the taking grid across the de- 
veloped plate, a slit width at a time, 
successive frames are uncovered and may 
be viewed and measured. Using a grid 
with slit width of 0.0005 in. and a rota- 
tional mirror speed of 500 rps (with the 
20-in. optical arm which produces a 
maximum image speed of 0.122 in./ysec), 
2.5 X 108 frame/sec are produced; and 
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with a 0.0001-in. slit-width grid, 1.25 
10° frame/sec. At 10* frame/sec, the 
total exposure time for 30 frames is 
3 X 1077 sec. The camera described by 
Sultanoff is shown in Fig. 3, and is a 
modified Bowen RC3 Rotating Mirror 
Camera. A further redesign is in prog- 
ress. 

A device permitting exposures as low as 
1-ysec duration at intervals of 2 psec 
(500,000 frame/sec) was disclosed by 
Bartels and Eiselt in the German journal, 
Optik. In this camera system, the 
image is focused upon a small mirror 
rotating at high speed and thence upon a 
series of stationary mirrors, from which 
it is focused upon stationary film. 

During 1950, there was disclosed*4 the 
Zarem-Marshall Multiple Kerr Cell 
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Camera built at the Naval Ordnance 
Test Station, Pasadena, Calif. This 
camera is a further extension of the au- 
thors’ work in electronic pulsing of a 
nitrobenzene Kerr Cell. An arrange- 
ment of three small Kerr Cells (which are 
pulsed in succession), iri Jenses and 

_mirrors produces thret on a 
Speed Graphic Camera plate. The 
effective aperture of this system corre- 
sponds to f/16 and it has a total angular 
field of about 5°. The exposure dura- 
tion may be varied, with effective expo- 
sure durations of 0.007 to 7 usec stated to 
have been achieved. The interval be- 
tween exposures can be made, it is said, 
as small as 0.01 psec, equivalent to a 
frame frequency of 100,000,000/sec. 
An example of three exposures of the 
vaporization of a fine gold wire is shown 
with an effective exposure time of 0.04 
usec, and a frame frequency of 4 X 107 
frame/sec. Pulsing circuitry and charac- 
teristics of the Kerr Cell and the nitro- 
benzene used therein are given. 

Another Kerr Cell photographic in- 
strumentation for ballistic photography 
was described by Quinn, McKay and 
Bourque® of the Canadian Armament 
Research and Development Establish- 
ment. In the study of ballistic phenom- 
ena, it was found necessary to photo- 
graph projectiles under conditions where 
the subject is either wholly or partially 
surrounded by a glowing medium of 
considerable luminosity such as a pro- 
jectile striking armor plate or a projec- 
tile emerging from a gun muzzle. A 
system for synchronizing a gaseous-dis- 
charge tube and a Kerr Cell was devised 
to study these phenomena. The Kerr 
Cell provides for an effective exposure 
duration of the order of 2 usec and oper- 
ates at a peak voltage of 36 kv following 
previous German work. Super XX film 
and a flash tube, FT125, operating at 18 
kv are used. Circuitry and results in 
ballistic studies are given in the report 
and a photograph of a 37-mm projectile 
taken shortly after penetration of a metal 
target plate is shown in Fig. 4. 
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A-eomprehensive study of a Kerr Cell 
for photographic purposes was made in 
England by Holtham and Prime.* The 
exposure time used was 2 usec and provi- 
sion was made for a variable time delay 
up to 0.1 msec. An aerial camera using 
aniiktar 18-cm //2.5 lens, was modified 
toreceive the Kerr Cell and 35-mm film. 
Image formation and photometric analy- 
sis were studied, and it was noted that 
the reciprocity curves of the emulsion 
show that the density obtained is not 
equal to that which would be obtained 
using the same illumination from a 
constant source. The transmission found 
through the system was of the order of 
5% (50% for the Kerr Cell; 32% for 
each of the polaroid J films). Parasitic 
illumination, affecting the spectral 
quality of the light transmitted during 
application of voltage, was reduced by 
the use of an appropriate color filter. A 
rotating mirror and constant light source 
were used to illuminate the subject, the 
mirror being synchronized to the Kerr 
Cell opening. This Kerr Cell system 
has been employed in the measurement of 
spark channel characteristics, such as 
growth of the spark channel, its diameter 
and radial intensity variation across the 
spark. 

The Kerr Cell has now evolved from a 
shutter for single-frame and three-frame 
high-speed still photography into a device 
for high-speed motion picture photog- 
raphy as described by Bowersox*’ of the 
Jet Propulsion Laboratory, California 
Institute of Technology. In order to 
increase the effective window area, a 
combination of three or more electrodes 
and a separation of sections of a single 
Kerr Cell has been used. At California 
Institute of Technology, a cell is being 
used with four separate sections, each 
section having three electrodes. An 
embodiment is described consisting of 
four Kerr Cell shutters mounted in a 
vertical line immediately in front of four 
lenses, in turn fixed close to the film held 
on a drum of 15-in. diam. The camera 
is shown in Fig. 5. The Kerr Cell 
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Fig. 4. Kerr Cell pho- 


tography of a 37-mm pro- 
jectile taken a short time 
after penetration of a 
metal target piate. 
(Courtesy of Messrs. 
Quinn, McKay 
Bourque,* Canadian 
Armament Research and 
Development _Establish- 
ment, Valcartier, Quebec, 
Canada. ) 


shutters are operated in sequence from 
top to bottom producing successive frames 
across the width of the film. Thus 620 
frames, 0.3 in. square (roughly the same 
as 16-mm size) at a maximum speed of 
50,000 frame/sec, are produced on a 4-ft 
long strip of 70-mm film. The cells are 
pulsed for only one drum rotation. 
Variable exposure durations are avail- 
able of 1, 2, 3, 5, 6 and 10 ywsec. The 
Kerr cells are operated on 12-kv pulses; 
the effective aperture for the system is 
JS/5. The resolving power is said to be 
limited chiefly by the film motion (i.e., 
exposure duration), and secondarily, by 
the type of film used. A standard resolu- 
tion chart mounted on a disk rotating at 
10,000 rpm was photographed by this 
camera and shows a resolution of 14 
lines/mm. At a frame frequency of 
40,000/sec with an exposure duration of 
1 ysec, the resolution is approximately 
20 lines/mm. 

A brief German paper** reviews some 
of the early work of high-speed photog- 
raphy including the work of Cranz who, 
in 1909, made a series of exposures at 
5000 and, in 1912, at 100,000 frame/sec. 
A Kerr Cell producing exposure dura- 
tions as short as 10~® sec is described. 

The development of the iconoscope 


Kenneth Shaftan: Photographic Instrumentation in 1950 


Fig. 5. Bowersox-California Institute 
of Technology (Jet Propulsion Labora- 
tory) Very High-Speed Kerr Cell Motion 
a Camera. (Courtesy R. B. Bower- 
sox. 
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and the image orthicon (image converter 
tubes) aspelectrooptic shutters for very 
short exposure durations, holds a great 
potential for the future. Some of the 
initial work was carried out in England 
by Prime and Turnock,” Courtney- 
Pratt® and by others, and is also the 
subject of a paper to be given at this 
series of meetings by A. W. Hogan™ of 
the Naval Ordnance Laboratory. 

The use of the iconoscope as an elec- 
trooptical shutter depends on the storage 
characteristics of the mosaic. The elec- 
tron image formed thereon by a tran- 
sient phenomenon may be stored for a 
period of time before being scanned off 
by the electron beam of the iconoscope. 
A very short exposure period permits 
image formation and storage. The 
image thus stored is subsequently repro- 
duced on a display tube by scanning the 
mosaic only once after completion of the 
phenomenon. The display tube may 
then be photographed producing, in 
effect, a high-speed still photograph. 
Nonluminous objects must be strongly 
illuminated. Using a medium-fast emul- 
sion, a very satisfactory image of a disk 
rotating at 6000 rpm was obtained® 
during a 25-ysec exposure duration with 
the lens aperture open to f/11, and with 
an illumination of approximately 550 
usec duration. Using a faster emulsion, 
a larger lens aperture and an electronic 
light source of the same power but of 
shorter duration, exposures of 0.1-ysec 
duration have been readily achieved. 

The inconoscope produces a second- 
ary emission forming a ghost image and 
has tended to be replaced by an image 
orthicon which does not produce such 
secondary emission. However, with the 
image orthicon, a slight image diffusion 
results because of electron charges 
spreading onto adjacent mosaic elements. 
Spark phenomena have been studied by 
this technique. This system has certain 
advantages over the nitrobenzene Kerr 
Cell, and would seem to point the way 
to a most interesting future. (See also 
p. 458.) 


Although high-speed still and motion 
picture photography have been applied 
in many studies, only a relatively few 
have found their way into the journals. 
Some of these are noted below. 

In ballistics studies, a combination of 
streak photography and microsecond 
flash techniques accomplished simul- 
taneously has been disclosed.“ A 35-mm 
General Radio Continuous Film Camera 
was used to record self-lumingus phenom- 
ena associated with the flight of par- 
ticles produced by shaped charges: the 
velocity of the particles, variations in par- 
ticle luminosity during flight, and the 
duration of burning of the eroded ma- 
terial. The smoke trail spatial distribu- 
tion and its change with time, essentially 
nonluminous phenomena, are_ illumi- 
nated by means of microsecond flashes at a 
rate of 1000 flashes/sec. Similar tech- 
niques have been used in the past in con- 
nection with the simultaneous streak 
and image photography of gas-bubble 
phenomena in underwater explosion 
studies. In studies of this nature, the 
phenomena are not reproducible from 
shot to shot, and, hence, the data could 
not have been obtained by using these two 
techniques individually or in succession. 

The released photographs of the first 
atomic explosion in New Mexico* were 
measured to determine the radius of the 
ball of fire for a large range of values of 
time measured from the start of the explo- 
sion. Energy in terms of equivalents of 
TNT was calculated, and two estimates 
of 16,800 tons and 23,700 tons were 
arrived at. The photographs were used 
also to measure the velocity of the rise of 
the glowing center of the heated volume 
of gas left behind and was found to be 
35 m/sec. Other quantitative charac- 
teristics were determined. 

High-speed still and motion picture 
photographic studies applied to the study 
of the airborne characteristics of under- 
water missiles were reported by Christie“ 
of the Naval Ordnance Test Station, 
Morris Dam, Calif. In order to deter- 
mine a torpedo’s air velocity during free 
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flight prior to water entry, a multiple- 
image-recording “flare camera” is de- 
scribed. Several models of this camera 
have been produced, the latest employing 
a plane parallel glass plate rotating at 
30,000 rpm, and producing multiple 
images in the form of a series of dots on a 
single photographic plate of two pyro- 
technic flares attached to the tail of the 
test torpedo. Space-time information is 
reduced and velocities calculated. 

The application of high-speed (short- 
exposure) photography to the rocket test 
program using Bowen-Knapp cameras 
with color film, was discussed by Elmer** 
in a paper delivered before this Society. 

In the study of flame phenomena, a 
group at New York University® utilized 
high-speed schlieren motion picture 
photography. 

High-speed motion pictures at fre- 
quencies up to 10,000 frame/sec were 
used to study the process of deformation 
and rupture in tensile specimens of 
aluminum and brass at high strain rates. 
Most of the specimens broke too rapidly 
to be recorded by the camera, the break 
taking place in less than 10~‘ sec. This 
break occurred in regular fashion along a 
line inclined at approximately 60° to the 
axis of the specimen. 

The development of long a-c arcs, at 
currents of 46 to 6000 amp and lasting 
for 0.56 to 1.12 sec, was studied‘? by 
means of still and motion picture photog- 
raphy and by high-speed cinematog- 
raphy of the order of 1000 frame/sec. 
The deionization time of the arc was 
determined. 

A Kerr Cell apparatus was set up to 
provide a series of superimposed photo- 
graphs* in the study of the cathode spot 
of transient arcs using the liquid sodium— 
potassium alloy as the cathode. Quanti- 
tative behavior of this cathode spot with 
regard to current and under the influ- 
ence of a magnetic field was studied. 
The interval between each exposure was 
varied and the number of exposures ad- 
justed in order to show a complete pic- 
ture of this phenomenon. The Kerr 
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Cell was placed just outside a low-power 
microscope eyepiece. 

The effect of arc-current gas pressure, 
kind of gas, and magnetic field on the 
motion of the cathode spot in a direction 
opposite to that predicted by Ampere’s 
Law has been studied at the General 
Electric Research Laboratory.“ High- 
speed motion pictures at 4000 frame/sec 
were employed to observe and measure 
the velocity of this phenomenon. 

High-speed still photographs were used 
at the Hydrodynamics Laboratory of 
California Institute of Technology® to 
study regular and Mach intersection in 
hydrodynamic jumps. Hydrodynamic 
jumps were produced by two wave 
generators in a water table approximately 
5 ft X 4ft X 2in. deep. The bottom of 
the tank was made of glass with a grid of 
known dimensions. A spark source was 
used below the glass bottom, producing a 
refraction pattern on photographic paper 
placed above the water surface. The 
resultant photographs are similar to the 
schlieren presentations of gas flows and 
permit measurement of associated 
phenomena. 

High-speed still photographs taken of 
small spheres entering water vertically 
at various velocities were used®! in the 
study of the virtual mass of such spheres. 
High-speed motion pictures were also 
employed to permit determination of 
space-time data for a series of spheres 
of various sizes and at various entry 
velocities. From the resultant accelera- 
tion data the virtual mass was calculated. 

High-speed motion picture photog- 
raphy was also used quantitatively at 
1500 frame/sec to determine the velocity 
of flow of blood in the basilar artery of the 
rabbit during the cardiac cycle.** The 
blood stream was made recognizable by 
the injection of a 0.05% fluorescein solu- 
tion with emulsified olive oil. 

High-speed motion pictures were used 
in textile research for the determination 
of the impact of raindrops on fabrics.** 
A Zeiss Ikon high-speed motion picture 
camera operated at frame frequencies to 
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6000 frame/sec was employed to deter- 
mine the pressure-time relationship 
under such action. The velocity of the 
drops at the time of impact was measured 
from the film which was used to record 
two successive drops per roll. It was 
found that during impact, the upper 
parts of the drops retain their spherical 
shape while the lower parts are pressed 
outward as a continuous film. The up- 
per part has about the same velocity as 
that of the drop immediately before im- 
pact. Some time thereafter, the drop 
breaks down into small particles and the 
second drop following on wet fabric was 
found to lose its spherical shape more 
quickly. The center of gravity of the 
deformed drop was determined and from 
this the pressure was calculated. 

Applications of high-speed motion 
picture photography in textile processing 
research were disclosed by Fisher and 
Burnett.** The action of a shuttle in a 
production loom was studied as were the 
heddle action on an experimental loom, 
the traveler on a spinning frame, and 
yarn and cord breaks under laboratory 
conditions and during spinning of cotton 
yarn. It was noted that the traveler ona 
spinning frame would require frame fre- 
quencies greater than 5000/sec. 

Other applications of high-speed mo- 
tion picture photography included iron- 
making, paper-mill maintenance,* and 
the analysis of vacuum cleaner mechani- 
cal components.” 


C. Standard Still and Motion 
Picture Photography 


The more orthodox still and motion 
picture photographic instruments and 
techniques have been adapted in several 
interesting ways for scientific studies. 

A Kodak 35-mm still camera was 
adapted by Jean St. Thomas of the Civil 
Aeronautics Administration as a photo- 
graphic transit for aircraft approach- 
zone studies.** A thin glass grid was 
placed in front of the focal plane; vari- 
ous grid lines represented horizon, glide- 
angle ratios, and the edges of the ap- 


proach zone. Two camera stations were 
used and obstructions in the approach 
zone rapidly located and measured. A 
pinhole camera equipped with a focal- 
plane grid and mounted in the pilot’s 
seat was also designed to permit direct- 
angle measurements of cockpit visibility 
characteristics. 

A Cine Special operated at frame fre- 
quencies from 8 to 32/sec was used to 
record electron-microscope images.” 
The authors state that this is the firs 
time motion pictures of electron-micro- 
scope images have been made. Motion 
picture studies of electron bombardment 
of various types have been made in con- 
junction with the development of elec- 
tron microscopy by such workers as von 
Ardenne, Ruska, and others in Germany 
long before World War II. This tech- 
nique has been used, according to the 
current paper, in the study of some of the 
effects of electron bombardment on col- 
loidal crystals.“ The viewing screen of 
the electron microscope is adjusted with 
its plane normal to the optical axis of the 
camera. The Cine Special is fitted with 
a 4-in., f/2.7 telephoto lens. A field of 
view of 30° is stated to be achieved. 
Super XX Negative film was found to 
produce the best contrast. At frame 
frequencies above 32/sec, the contrast 
was said to deteriorate. Resolution of 
150 to 300 A is achieved. Some instru- 
ment adaptation is necessary to provide 
adequate illumination, and X-radiation 
must be guarded against. Solid—liquid— 
solid changes by recording Bragg reflec- 
tions were investigated. A preliminary 
effect of electrons upon crystals is to drive 
off water. In salt crystals, a residual 
envelope is left in which small particles, 
both solid and liquid, are observed to 
move rapidly due, it is believed, to 
Brownian movement and convection. 
Tungsten oxide crystals and carbon black 
were also studied under an electron 
bombardment. 

An application of multiple still photog- 
raphy in the study of size and charge of 
microscopic particles was described by 
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Kunkel and Hansen.*' Horizontal elec- 
trical deflection of particles settling under 
gravity are recorded photographically. 
The rate of fall is measured and the 
Stokes’ Law diameter calculated. It is 
also possible to calculate the approxi- 
mate charge of the particles from the 
simultaneous electrical deflection. A 
strong dark field illumination is provided 
by an A-H6 high-pressure mercury-arc 
source with a baffle cutting out the cen- 
tral cone of the highly divergent light 
beam. Only light scattered into this 
dark cone is recorded on the film. A 
rotating disk, carrying four 6° openings 
(two or three of which may be closed 
according to the time intervals to be ob- 
served), is driven at 450 rpm. The 
intensity of the arc source fluctuates with 
120 maxima/sec requiring alignment of 
the shutter disk in such fashion that 
maxima occur whenever an opening 
crosses the optical axis. A capping 
shutter for the camera is provided. A 
copper chloride solution is used to cut 
out about 95% of the infrared radiation 
of the source. Powder specimens are 
allowed to settle through a 3-ft settling 
column and enter a small analyzing 
chamber perpendicular to the optical 
axis of the lens and light source. To 
reduce heating effects, at most 30 flashes 
of 1/450 sec each, for a total exposure of 
1 sec, are employed. Quartz crystals of 
sizes from less than 0.5 u to 30 win various 
electrical fields were studied and trajec- 
tories measured.** In addition, charge 
distribution in coarse aerosols as a func- 
tion of time were studied. 

Still photography has been applied to 
high-altitude rocket studies to determine 
missile orientation, to make meteorolog- 
ical studies, and to investigate the possi- 
bilities of photographic reconnaissance 
from guided missiles. A K-25 aerial 
camera was modified to provide for 
greater acceleration than normally en- 
countered in aerial photography and for 
insulation against low temperatures. 
Super XX and Kodacolor films were 
employed, with Kodacolor producing a 


deteriorated color image. Gun cameras 
using Kodachrome and Super X did not 
fare too well. A photographic method 
for the measurement of high-altitude 
orientation of rockets was developed.© 

Orthodox photography has been ap- 
plied to the determination of burning 
velocities of fast-burning mixtures.® 
Photographs obtained show two uniform 
flame speeds or speeds which vary from 
one uniform value to another due to 
changes in the orientation of the flame 
front. The photographs point out that 
the uniform motion may be compounded 
from these two speeds in any proportion 
and, therefore, suggest that electrical 
methods for determining flame speeds 
yield results which are not necessarily 
reliable. 

Motion picture photography was used 
to study the convection currents near a 
carbon arc through photography of car- 
bon particles moving in a dark field near 
the arc column.” From these results 
and a knowledge of the spatial tempera- 
ture variations, the convective heat loss 
from the are channel may be found and 
compared with the electrical energy 
input. 

Time and motion study techniques 
employing motion picture photography 
continue to produce useful results in 
such matters as method analysis, the 
setting of performance levels,” and train- 
ing of personnel to better utilization and 
reduced time and effort.” 


D. Cathode-Ray Still Oscillography 


Several still cameras designed for 
oscilloscope trace recording were an- 
nounced during 1950. Moving-film- 
type recorders are not discussed in this 
section, but under E, below. 

DuMont has brought out three still 
cameras for oscillographic recording. 
Type 297 consists of an oscilloscope hood 
carrying an {/2.8 75-mm lens, a variable- 
speed shutter, and a Polaroid-Land 
Camera back. The writing speed is 
said to be to 1 in./ysec for the £/2.8 lens, 
and to 2 in./ysec for an f/1.9 lens which 
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may be procured separately. An illumi- 

nated data card may be recorded on the 
film. The DuMont Type 296 still 
camera for oscillographic recording con- 
sists of a Bolsey-type camera, an //2.8, 
41.5-mm lens, and is said to provide a 
writing speed of more than 10 in./psec 
with a Type 5RP-A cathode-ray tube 
operated at 12,000 v. A variable-speed 
shutter and a means for simultaneous 
viewing is provided. The third camera 
DuMont offers is their Type 295 fitted 
with an f/1.5, 50-mm lens. Thirty-five 
millimeter perforated or unperforated 
film or paper of 36-exposure length in 
the standard cassette may be used. A 
light-tight take-up cassette with a built-in 
cutting knife is provided for short-run 
operation. It is said that writing speeds 
greater than 35 in./usec are possible 
with the Type 5RP-A cathode-ray tube 
again operated at 12,000 v. DuMont 
states that the //1.5 lens will permit the 
recording of traces at writing speeds as 
high as 80 in./usec and that an //1.0, 
2-in. lens is also available. The shutter 
may be operated manually or by a 
solenoid, and provides time and bulb 
exposures. A data card may be re- 
corded on the film. 

The Fairchild Camera and Instru- 
ment Corporation has also brought out a 
Polaroid-Land Oscilloscope Camera”! 
fitted with an //2.8, 75-mm lens, a vari- 
able-speed shutter, and provision for 
two images per 3}-in. X 44-in. frame, or 
a total of 16 exposures per roll of film. 
At 3000 v, writing speeds to 1 in./ysec 
may be recorded. 

A number of papers were presented 
concerning the elements of cathode-ray 
oscillographic recording.?*~* Calibra- 
tion lines and a data card are recorded 
on the same film as the cathode-ray- 
tube-image by a newly devised system.73 
Notations are marked on a paper mask 
surrounding the cathode-ray screen. 
Fine wires are used to construct a cali- 
brating grid and both are illuminated 
by a light source between the camera and 
the cathode-ray oscillograph. 


Fraser and Badgley of the Naval 
Photographic Center” have recorded 
color television images at 24 frame/sec. 
A 16-mm Mitchell Motion Picture 
Camera was fitted with a Polaroid f/0.7 
lens for recording color television broad- 
casts at 24 frame/sec using a 177° shut- 
ter. A Berndt-Maurer 16-mm Camera 
with a fixed 180° shutter and an f{/1.4 
lens was used to record both color and 
black-and-white telecasts. CBS, RCA, 
and CTI color television presentations 
have been recorded with various camera 
and lens combinations. 

Cathode-ray still photography has 
been applied to the measurement of ver- 
tical and horizontal growth and propaga- 
tion of a thunderstorm from sequence 
photographs of the PPI and RHI presen- 
tations of such a storm in its initial precipi- 
tation stages.” Rapid vertical growth 
after a first precipitation was detected 
and uniform horizontal growth observed. 


E. Continuously Moving Film and 
Image Systems 


A photographic method used in Eng- 
land for the recording of displacement 
versus time phenomena was described.”* 
Small spherical reflectors are attached to, 
or formed upon, the surface of a moving 
body, producing point images of a fixed 
light source. Thus, the point source- 
image moves with the body under study 
and by recording its motion with a con- 
tinuously moving film or rotating drum 
camera, a time-displacement record is 
obtained. The record takes the form of 
a fine, sharply focused, continuous line 
from which space-displacement measure- 
ments can be made. It is possible to 
carry out such photography under nor- 
mal lighting conditions. The camera 
described in this paper gives time scales 
in the range of 0 to 315 in./sec. This 
technique has been applied quite exten- 
sively in this country to shock, vibration 
and explosives studies. 

In connection with shock and vibra- 
tion studies, Vigness and Nowak,” of the 
Naval Research Laboratory have de- 


456 November 1951 Journal of the SMPTE Vol. 57 


i 
: 
4 
q 
4 
7 
4 
- 


scribed a modification of the standard 
streak-photography technique. Small 
reflectors such as ball bearings have been 
used in orthodox streak photography in a 
manner similar to that described above. 
However, a source of error in the stand- 
ard streak-photographic method lies in 
_ the possible motion of the object in a 
' direction parallel to film motion. The 
modified streak method of Vigness and 
Nowak was devised to eliminate this 
error, to permit measurement of large 
displacements and to obtain an accuracy 
within a few thousandths of an inch. 
The object photographed consists of a 
series of white lines an equal distance 
apart, marked on a dark background. 
These lines are in a plane perpendicular 
to the direction of film motion. The 
direction of motion of this object, rigidly 
attached to the part under study, should 
be perpendicular to the camera optical 
axis and to the direction of film motion. 
The camera lens will focus an image of 
these lines on the film. A cylindrical 
lens, on the plane surface of which is a 
slit parallel to the direction of object 
motion, is placed just before the moving 
film and perpendicular to its direction of 
motion in order to focus these lines to 
approximate points. Motions of the ob- 
jects in a direction parallel to the film 
motion will not result in any displace- 
ment of the image on the film. Small 
rotations in a plane perpendicular to the 
camera’s optical axis will produce 
second-order errors, and motions out of 
this plane will result in the usual scale 
changes in depth-of-focus problems. 
This technique has been used to study dis- 
placement of many inches measured to 
an accuracy of a few thousandths of an 
inch, and to 10 psec. 

DuMont announced a continuously 
moving film camera, their Type 321, 
which is characterized by a 400-ft capac- 
ity of 35-mm film or paper, and a range 
of linear film speeds from 0.82 in./min 
to 15 ft/sec, in 18 fixed increments. 

The Lydiate Ash Laboratories in Eng- 
land exhibited their Type 200 continu- 
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ously moving filmcamera. This camera, 
representing a thorough and fundamental 
design approach, provides, through a 
gear box having a 60 : 1 change of speed 
(which can be obtained with the camera 
in operation), film speeds from 3 in./min 
to 120 in./sec. Full electronic motor 
control is employed. Other features are 
a 400-ft, 35-mm film capacity in inter- 
changeable magazines; a built-in timing 
marker; provision for photographic data 
cards; and _ push-button operation 
through interlocking relays. A higher- 
speed version, providing to 40 ft/sec, 
has also been exhibited. 

An interesting French camera, a high- 
efficiency streak camera, was described 
by Malan®™ for studying the correlation 
between the optical and electrical effects 
of lightning strokes. The camera pro- 
duced combines advantages of other pre- 
vious devices such as drum recording and 
ease of film changing. The film remains 
stationary, while the optical system is 
mounted in a rotating drum. Beside a 
reflecting prism and an objective, a 
Wollaston prism mounted between these 
is given an epicyclic rotation at half the 
speed of rotation of the drum. This 
counteracts the rotation of the image 
around the reflected optical axis. A few 
modifications make this apparatus suit- 
able for the recording of oscillograms of 
transient phenomena. The apparatus 
carries 100-ft of 35-mm film, permitting 
23 successive exposures. The only ad- 
justment necessary between exposures is 
the rotation of a handle which winds the 
film to the next unexposed position. 
The objective is a 50-mm, f/2.8 lens, and 
rotation of the optical system is carried 
out at a speed of 510 rpm. The film 
exposed during photography, upon the 
opening of an electromagnetic shutter, is 
112 cm long, and the linear speed of the 
image is 952 cm/sec. 

A technique for time and motion study 
was described, in an English journal,*! 
in which time-displacement information 
is recorded on a single plate. In certain 
time and motion study work, it is possible 
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to employ small light sources affixed to 
the object under study, such as the hands 
of an operator. In subdued light, the 
operator goes through his prescribed 
motions using an orthodox still camera 
with the shutter open. A pair of traces 
formed by the light sources is thus re- 
corded on the film. In the technique 
disclosed, essentially a modification of a 
system employed by Gilbreth many 
years ago, the lights attached to the 
worker’s wrists are pulsed at a known 
time interval permitting the reduction of 
space-time information. 

The mechanism of detonation has been 
studied by Pike** through the use of high- 
speed mirror cameras having writing 
speeds of from 1 mm/ysec to over 4 
mm/ysec. By electronic means, writing 
speeds of 24 mm/sec have been achieved, 
Similar work was reported by Johansson** 
who used a rotating-mirror camera hav- 
ing a writing speed of 0.9 mm/ysec for 
measuring the velocity of the air-shock 
wave from the flat end of a cylindrical 
stick of explosive. The detonation veloc- 
ity for the explosive (60% PETN and 
40% TNT) was found to be 7400 m/sec. 
As the air pressure decreases, the shock 
wave velocity increases; at 2 cm from the 
explosive face at normal atmospheric 
pressure this velocity was 6500 m/sec, 
while at 0.5 mm of mercury it rises to 
17,500 m/sec. 

A series of rotating mirror cameras 
used as streak cameras for the study of 
explosive phenomena was reported also 
by Evans,*4 Davies, Owen, Edwards and 
Thomas, and Adams,” reporting, re- 
spectively, on cameras having writing 
speeds up to 1 mm/ysec, 4 mm/ysec, 
and 4 and 6.5 mm/ygsec. The latter 
two cameras are of particular interest. 
In the 4-mm/ysec camera, provision is 
made for the simultaneous observation 
of a vertical and a horizontal slit; the 
image of each slit is traversed along an 
independent quadrant (track radius, 
approximately 19 in.) by means of a 
2}-in. square section mirror, rotating at 
40,000 rpm. By means of interchange- 


able objectives, distances from 20 ft to 
infinity can be covered. The film width 
is 90 mm, of which 2.75 in. is available 
for recording. The output from a mag- 
netic pickup on the mirror shaft is fed to a 
tachometer circuit which measures the 
speed of rotation of the mirror. The 
same circuit is used to provide the firing 
impulse which initiates the charge, thus 
insuring that the record appears on a 
predetermined position of the film. In 
the 6.5-mm/ysec camera, a laminar 
rotating mirror, 1} in. X 1 in. X 0.1 in., 
is driven by compressed air at a speed of 
80,000 rpm. The mirror speed measure- 
ment and the event synchronization for 
this camera are similar to those for the 
4-mm/ysec camera, but an additional 
time device is provided in the form of 
three spark gaps inside the camera body, 
triggered at known intervals during the 
recording period. 

An additional use to which the image- 
converter tube has been placed was re- 
ported by Courtney-Pratt,” the device 
producing a record similar to that from a 
rotating-mirror camera. In this case, 
the cathode image is restricted to a nar- 
row slit. By this method, writing speeds 
of 100 mm/jysec have been obtained with 
a time resolution better than 10~ sec. 

A continuously moving film camera, 
having a temporal resolution on the film 
of 1.5 mm/ysec was used in England by 
Higham and Meek**® for the determina- 
tion of the lengths and the rate of expan- 
sion of long gaseous spark channels dur- 
ing the first 10 ywsec of their growth. 
Measurements were also made with the 
rotating mirror scanning an image of the 
spark across a photomultiplier connected 
to a high-speed oscillograph to provide 
radial light distribution across the spark 
channels. Sparks of various peak cur- 
rents in air, Ng, O2, and H; at atmospheric 
and reduced pressure were investigated. 

Kock and Harvey,™*! of the Bell Tele- 
phone Laboratories, employed a Polar- 
oid-Land Camera in a darkened room to 
photograph sound waves which are por- 
trayed by a small lamp moving up and 
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down as the lamp progresses in succes- 
sive planes across the sound field. The 
intensity of the light is varied automatic- 
ally in accordnce with the sound level as 
determined by a small microphone at- 
tached to the lamp. The properties of 
sound-focusing systems have thus been 
investigated. By this method, sound- 
field mapping is obtained with a fixed 
photographic plate and a continuously 
moving subject. 


F. Data Recording 


There has been a considerable impetus 
in the development of data-recording 
cameras. Essentially based upon the 
requirements of aircraft design, the 
British Auto Camera, introduced several 
years ago, was the subject of a 1950 
paper.*? This camera permits the taking 
of 200 exposures, 1 in. square, on approxi- 
mately 18 ft of 35-mm film. The 
camera has a spring-wound motor of a 
design permitting all 200 exposures to be 
made on one winding and an electrical 
release for remote control which trips the 
shutter and releases the spring for ad- 
vancing the proper amount of film. 
This camera comes equipped with a 36- 
mm, {/3.5 lens of special design which 
covers about 35° of angular field. A 
variable-speed shutter permits frame fre- 
quencies up to 4/sec. The camera is 
8¥ in. long by 3 in. wide by 3} in. high. 
It is operated on 24 v d-c, and weighs, 
with film cassettes, 5$ lb. An electrical 
contact is incorporated which can be 
used to operate an exposure indicator 
or a discharge lamp. 

A Swiss 35-mm gun camera, the 
Euram, was introduced in 1950.9 This 
camera operates on 24 v, and provides 
for single-frame exposures at predeter- 
mined intervals, or motion picture fre- 
quencies at 24 frame/sec. This camera 
carries 112 ft of 35-mm film in a detach- 
able magazine which is provided with an 
automatic loop former. The overall 
dimensions are approximately 5} in. 
high, 5§ in. wide, and 163 in. long, and 
the camera weighs approximately 12.2 lb 
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in the loaded condition. Four lenses 
may be used interchangeably, and the 
rotating shutter has a 160° aperture. 
The film is advanced by a positive claw 
movement alternating with a positioning 
pin. 

The Automax 35-mm data-recording 
camera, built in this country by Guild 
Laboratories of Los Angeles, was an- 
nounced. This camera can be oper- 
ated locally or by remote control, under 
single-frame operation with an external 
intervalometer from 1 exposure/hr to 
5 exposures/sec, and under motion pic- 
ture operation either 12 or 16 frame/sec. 
Film exposure duration is the same for 
both interval and cine operation. This 
camera is fitted with a standard 400-ft 
Mitchell Magazine for 35-mm film, but 
other capacities are available. The 
Automax is designed for aircraft accelera- 
tions. A film-driven switch actuates an 
electrical footage counter, and also gives 
remote indication of camera operation. 
Avariety of motors is available for various 
field or mobile applications. The camera 
without magazine measures 6 in. X 5 in. 
X 2} in., with the motor extending from 
2 to 3 in. beyond the 2}-in. dimension. 
The weight, with aircraft motor, loaded 
400-ft magazine, and lens, is 12 Ib. 
The camera is designed for an operat- 
ing temperature range of —40° to + 
160 

Another data-recording camera, the 
Fairchild-North American Aviation 
Camera, was briefly described in the 
“New Instruments Section” of the Review 
of Scientific Instruments®* This 35-mm 
data-recording camera, mounting inter- 
changeable Mitchell Magazines of 400-ft 
or 1000-ft capacity, features remote 
selection of 4, 8 and 16 frame/sec, with 
constant exposure rate at 1/50 sec at any 
of these frame frequencies. In addition, 
single-frame operation, either manually 
or by intervalometer, is possible. This 
camera has been designed to operate at a 
vertical acceleration range of —2 to 
+2 g, at a temperature range of —40 F to 
plus 160 F, and at altitudes up to 60,000 
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ft. Optional power requirements are 28 
v or 110 v. Somewhat higher frame 
frequencies are available in a special 
model. The camera size is 14g in. 
long by 83 in. wide by 154in. high. The 
weight of this camera, with 400-ft maga- 
zine is approximately 264 |b. A 25-mm 
lens is regularly supplied. 

The Cook Research Laboratories dis- 
closed their Model A-1 Data Recording 
Camera,® which provides for remote 
single-frame data-recording photography 
at frame frequencies up to 4/sec. This 
camera has a magazine carrying 200 ft 
of 35-mm film with a built-in Geneva- 
type intermittent. A 50-mm, f/1.4 lens 
is normally supplied. The shutter is 
completely open within 20 msec after the 
start of the electrical tripping impulse. 
Shutter speeds can be set at the factory 
at a predetermined value of from 1/200 
sec to 1 hr, or can be furnished as a vari- 
able type from 1/200 sec to 1 sec. Both 
types can be furnished with provisions 
for holding the camera shutter open for 
the duration of the tripping impulse. 
Film transport which takes a maximum 
of 75 msec, occurs immediately after the 
cessation of electrical tripping impulse. 
The camera can be furnished to produce 
either single- or double-frame size 
records. The voltage required for the 
standard camera is 24vd-c. The dimen- 
sions of the camera are approximately 
11 in. X 12 in. X 6} in., and it weighs 
approximately 10} Ib. 

The Flight Research Engineering 
Corp, has produced a modification of 
the 16-mm GSAP Camera, their Model 
III, permitting synchronous operation 
of a multiplicity of such cameras. The 
Standard Model III Camera operates at 
10 frame/sec at an exposure time of 
1/100 sec. Change gears are provided 
for 5 frame/sec and 20 frame/sec with an 
exposure time of 1/50 and 1/200 sec, 
respectively. Fifty-foot magazines of 
16-mm film of the Syno-Pack, AN-A6, or 
Type G varieties, may be used. An- 
other model may be supplied providing 
4, 8, 16 and 32 frame/sec. Synchronous 
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recording of images in a multiple camera 
chain to a shutter divergence of 5° maxi- 
mum among all cameras is claimed. 
Flight Research Engineering Corpora- 
tion has also disclosed a 35-mm counter- 
part of the above-mentioned camera, 
their Model IV, which is also designed 
for synchronous data recording using a 
multiplicity of cameras. Shutter accur- 
acy is said to be maintained, among all 
cameras in a chain, to a maximum diver- 
gence of approximately 5°, or 1/700 sec 
at 10 frame/sec. ‘“‘Master-slave”’ opera- 
tion, single framing, fiducial marks and 
other characteristics of the 16-mm 
camera obtain. This camera utilizes 
standard 100-ft daylight-loading 35-mm 
film spools, and has the coding and timing 
marker lamps and the same frame fre- 
quency selection as the 16-mm Model 
III. This camera measures approxi- 
mately 5$ in. X 8; in. X 5}4 in. 

An airborne synchronized motion pic- 
ture system was described by White and 
Horwitz” of Northwestern University. 
Thirty-five-mm Eyemos fitted with 
1/95-hp d-c motors, and 16-mm gun 
cameras driven by flexible shafts from 
separate drive units were operated at 20 
frame/sec, one such unit driving two 
16-mm cameras. A synchronization sys- 
tem said to be capable of producing 
shutter synchronization within one air- 
craft at frame frequencies of 20 frame/sec 
to within + 0.002 sec is disclosed. Oscil- 
lographic recording for monitoring the 
accuracy of the motor control system, 
film coding for marking the film of dif- 
ferent cameras for matching, a timing 
system relating all data to an accurate 
time base, and a plane-to-plane radio 
link for control equipment and relating 
data between two or more aircraft are 
part of this system. Phase differences 
between the cameras of two aircraft may 
exist, but the difference can be deter- 
mined from the oscillograph records, as 
can the actual time of shutter openings for 
all cameras to 0.001 sec. Seventeen 
cameras were operated in the remote 
aircraft, and six in the parent. Gaseous- 
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discharge tubes were used to provide 
short-duration illumination of fast mov- 
ing dials. 

There appears to be considerable re- 
quirement for a more accurate syn- 
chronization and more insurance of 
frame-to-frame matching than exists in 
the systems described above. Work in 
this direction is currently under way and 
synchronization to better than 1° of 
shutter rotation is expected. 

An automatic flight data-recorder for 
photographically recording instrument 
readings in aircraft during test flights 
was developed by Edgerton, Germes- 
hausen, and Grier.**% Electric motor 
drives were adapted to the standard 
16-mm magazine Cine Kodak. Fast 
acting, overriding shutters were incor- 
porated to give a short exposure despite 
the slow operating speed of one frame per 
second, Contactsynchronizers with zero 
time delay were incorporated for syn- 
chronizing the electronic flash provided 
by a special gaseous-discharge tube 
utilizing only its infrared radiation. 
The instrument panel illuminated meas- 
ures 11 in. X 14 in. The camera-to- 
panel distance is 36 in., the maximum 
aperture is f/1.9, and a 12-v battery 
source is used. The complete unit, 
which includes power supply, camera, 
lamphouse assembly and cables, weighs 
18 lb. The lamphouse is covered with a 
Wratten 88-A filter, and is mounted 
directly on the camera. The camera 
lens is covered with a Wratten 88 filter, 
and infrared film is used. An input to 
the flash tube of 12- to 14-w sec is pro- 
vided. 

A modified Bell & Howell Filmo 
camera is used to determine space-time 
information in the study of aircraft take- 
offs and landings.** Two 16-mm frames 
are recorded simultaneously, the upper 
portion carrying an image of the aircraft, 
and the lower, a series of instrument 
recordings giving information in the 
form of time, position of an azimuth 
scale, a wind velocity indicator, a wind 
direction indicator, a data card, and a 
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film footage counter. A 4-in., //4.4 
lens is utilized interchangeably with 
6-in., 10-in., or 12-in. lenses. Azimuth 
scale objectives are changed, depending 
upon the focal length used. An exposure 
of 1/200 sec at a frame frequency of 
4/sec is characteristic of this camera. 
Satisfactory operation is said to be pos- 
sible from —20°to +140 F. The capac- 
ity of this camera is 100 ft of film and 
the azimuth scale covers 146.6° of arc. 


~The azimuth scale is set with the zero 


normal to the flight path, and the 
camera is panned in photographing the 
landing of the aircraft. A two-camera 
setup may be employed if the aircraft is 
not following a standard flight path nor- 
mal to the zero of this azimuth scale. 
Another space-time data-recording 
camera was designed by Neyhart of 
Guild Laboratories, similar in concep- 
tion to the camera described above. 
This Photo-theodolite takes pictures at 
0.1-sec intervals, and is provided with a 
glass grid of horizontal and vertical degree 
lines which are superimposed during 
exposure on a series of pictures of the 
takeoff and landing of the aircraft. 
The grid, in the form of a 160° segment 
of a circle, is provided with five horizon- 
tal lines, each representing 2°, and ver- 
tical lines, each representing 1°, record- 
ing to 80° either side of a 0° marker. 
By orienting this 0° mark at a known 
distance on a line perpendicular to the 
flight path, and locking it in place, the 
camera, which is free to rotate about the 
center of the lens, is used to record the 
aircraft characteristics under study. A 
special coaxial, double-drum shutter, 
situated between the lens and the film 
plane, makes one exposure per revolu- 
tion. Reduction of data from these 
records, producing linear distance of 
airplane travel, is quite simple. By 
multiplying the tangent of the angle 
recorded on the film by the distance of 
the Photoscope Camera from the line of 
flight, the distance of the airplane from 
the intersection of the perpendicular 
camera line is determined. The dif- 
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ference in these two distances derived 
from any two consecutive frames is the 
distance traveled by the airplane in 0.1 
sec. This type of photographic theodo- 
lite is finding considerable use in flight 
test programs. 


G. Data Reduction Apparatus 


Reduction of data from film has not 
received the impetus due it, although 
some progress was made in 1950. 

Several instruments were announced 
of use in nuclear research. One is 
used in studying stereoscopic cloud- 
chamber photographs. In this device, 
described by Bromley and Bradfield,” 
the stereoscopic photographs are ob- 
tained by two modified 35-mm still 
cameras which are electrically operated. 
Means are provided for accurate loca- 
tion of the film in the focal plane. This 
two-camera unit is mounted in a revlica 
of the chamber with the cameras’ optical 
axes horizontal. A 10-in. X 12-in. 
ground-glass plate screen, free to rotate 
about a horizontal axis, is mounted on a 
movable base. Magnetic clamping de- 
vices permit orientation of the camera 
unit and screen to any desired orienta- 
tion. Alternatively, a 12-in. circular 
enameled metal screen may be used. 
The screen may be rotated in all direc- 
tions. The films are replaced in their 
respective cameras after processing and 
illumination sources fitted to the cameras. 
For each frame, the screen is moved to 
put the image of the top and bottom of 
the chamber into coincidence, and the 
distances from the film planes to the 
screen are adjusted to their original dis- 
tance. With film positioning thus checked, 
angle and range measurements are made 
directly on the screen surface. Photo- 
graphic records may also be made by 
placing a photosensitive material on the 
screen for the necessary exposure dura- 
tion. To compensate for distortion 


caused by the plate-glass cloud-chamber 
roof, a similar plate is inserted at the 
proper point between screen and cameras. 

A semiautomatic device for data re- 
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duction 
structed at Columbia University and re- 
ported upon in the Review of Scientific 
Instruments. In this apparatus, a micro- 
scope is fitted with a motor-driven stage 
which is moved by selsyn motors in x and 
y directions. The accuracy of this 
movement is said to be measurable to 
within 0.2 4. These selsyns are fed from 
identical selsyn generators which are 
driven by a steering unit so that the 
photographic plate under study can be 
moved in any direction and with any 
desired speed up to approximately 25 
u/sec. The operator controls the direc- 
tion and the speed of motion by a steer- 
ing wheel and an accelerator pedal, and 
drives the nuclear track to be analyzed 
through a target. A _recording-chart 
system, with the chart moving at 2000 
times the speed of the microscope stage, 
permits the automatic recording of 
range, grain density and geometrical 
orientation of the tracks; 2 millimeters 
on the chart correspond to 1 micron on 
the photographic plate. The image of 
the plate is observed by the operator 
through an eyepiece and, at the same 
time, projected upon a small slit before a 
photomultiplier tube. The chart also 
records the angular position of the steer- 
ing wheel and the vertical movement of 
the objective. Three-dimensional infor- 
mation may be deduced. The smallest 
slit reported upon is 1 mm long by 0.03 
mm wide, covering an area on the plate 
of 0.07 X 0.02 » (for a 2-mm immersion 
objective). Direct photometric com- 
parison of the track against the sur- 
rounding background is possible where 
the accumulation of grains in the track 
is too heavy to be analyzed by counting 
individual grains. The method is said 
to produce reproducible results and a 
grain density record for a 2000-u track 
may be made in about 10 min. Deter- 
mination of coordinates may be ac- 
complished with good accuracy. 

A projector unit has been developed in 
Canada,"™! in which the film advance 
sprocket is driven by a reversible motor 
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and a glass pressure plate, holding the 
film in the projection plane, is released 
automatically while the film is being 
moved. The film spools accommodate 
100 ft of 35-mm film, and take-up slack 
in both directions. Multiple record 
correlation may be accomplished by the 
use of several such units simultaneously. 

One of the axioms of photographic 
instrumentation is that data should be 
recorded on film in such a form that 
rapid and accurate data reduction is 
possible. A device embodying this prin- 
ciple has been described by Benson? of 
the Douglas Aircraft Co. Information, 
such as telemetered quantities, is re- 
corded on film in the form of a line per- 
pendicular to the direction of film motion. 
The discrete value of the particular quan- 
tity is reported by the length of this line 
and a device has been built to permit 
automatic measurement of these lines, 
calibration of values, and plotting to 
suitable scales. In this device, 28 chan- 
nels representing the readings from 28 
instruments in a guided missile, for ex- 
ample, are recorded in a 35-mm con- 
tinuously moving film camera. Thus, 
each frame consists of 28 parallel straight 
lines, each the recorded image of the 
motion of a light spot appearing on a 
cathode-ray tube. About 32 such frames 
are recorded per second. The auto- 
matic analyzing machine counts progres- 
sively through a frame to locate the re- 
quired line, measures its length, and plots 
the associated value after suitable modi- 
fication by preset 0 and scale factors. 
About 40 points are plotted per minute 
with an accuracy said to be better than 
+$% of full-scale deflection. The 
device embodies some 14 memories for 
calibration purposes, and about 5 dis- 
tinct sequential thought patterns for 
selecting lines, controlling measuring 
cycles, and so on. In addition, some 5 
discriminative thought patterns are in- 
volved to detect errors. A film projec- 
tor and screen, using a photoelectric cell, 
counting circuits and electronic measur- 
ing networks, accomplish the reduction. 
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This device normally plots six channels 
through one run of the film through the 
machine, and six different colors are 
used for the resultant plot. It is stated 
that an experienced operator can adjust 
the machine in about 15 min. A mane 
hour ratio of more than 5 to 1 in favor of 
this automatic method over previously 
employed manual data-reduction tech- 
niques was said to show a saving of over 
$9000.00 for a single record. 

A device which permits automatic 
selection of microfilm frames and auto- 
matic photographic copying has been 
developed.” For such applications as 
literature research, microfilm copies of 
papers are photographed together with a 
code consisting of a series of light and 
dark squares. A scanning device, pre- 
set to react to a given coding, rapidly 
picks out the desired frames, and photo- — 
graphs them by means of a gaseous-dis- 
charge tube flash on 35-mm film. In 
this fashion, a single microfilm roll con- 
taining all papers on a given subject may 
be produced in a minimum time, 


H. Shadowgraph 


Shadowgraph instrumentation has long 
been employed for aerodynamic studies. 
Several embodiments of this technique 
were disclosed in 1950. 

The pressurized ballistics range at the 
Naval Ordnance Laboratory™‘ consists 
of a steel tube 3 ft in diameter, and over 
300 ft long. Pressures from 1/100 to 5 
atm may be employed in this tube. 
Twenty-five photographic _ stations, 
each fitted with a light screen and 
photocell, were designed to initiate a 
microsecond spark flash. The missile’s 
shadow is recorded directly on a vertical 
photographic plate and on a similar 
horizontal plate by means of a mirror. 
Fiducial marks permit accurate coordi- 
nate determination. The duration of the 
spark source is said to be of the order of 
0.5 ysec and it is of high intensity, An 
electronic chronograph is used to measure 
the time required for the missile to pass 
between two stations, measuring inter- 
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vals up to one second with an accuracy of 
the order of 0.1 ysec. 

The second ballistics range reported on 
is that for the study of rockets at the 
Naval Ordnance Test Station, Inyo- 
kern. A new type of silhouette pro- 
cedure is employed for the determination 
of position and orientation of rocket 
models in transonic and supersonic 
flight. Measurements on the photo- 
graphic plate to within 7} » were found 
to be necessary. A multiple flash 
stroboscopic lighting technique using 
gaseous-discharge tubes and low-cost 
reflex reflectors for improvement of 
image-background contrast are em- 
ployed. 

Space-time data are being obtained in 
the Supersonic Free Flight Wind Tunnel 
at the Ames Aeronautical Laboratory™ 
by means of a four-station shadowgraph 
and an associated chronograph. As the 
model flies by each station, a light screen 
initiates the spark-flash recording of the 
missile in flight on photographic plates. 
Some of the spark source light is recorded 
on a separate 35-mm chronograph. At 
the same time, an H-6 mercury lamp is 
pulsed at any desired frequency from 
10,000 to 100,000 cycle/sec to provide a 
time base. Fiducial marks permit coor- 
dinate measurement. In addition to 
these four shadowgraph stations, three 
lateral photographic stations make pos- 
sible the reduction of the three-dimen- 
sional flight path. From this flight 
path, lateral and vertical accelerations, 
hence side force and lift, can be obtained. 
Other quantities may be deduced. 

Shadowgraphic techniques were em- 
ployed at Naval Ordnance Laboratory to 
study the characteristics of water entry of 
spherical missiles at supersonic speeds.*! 7 
Missiles shot into water at velocities of 
7000 ft/sec were recorded at exposure 
durations of less than a microsecond. 

Normal burning velocities of propane- 
air flames have been measured from 
shadowgraphs.“* The previously em- 
ployed stroboscopically illuminated-par- 
ticle method of measuring the normal 


burning velocity by the heat capacity of 
the particles is said to be limited. A 
supplementary method is used to define 
the flame area. The line between the 
dark and light spaces on shadow photo- 
graphs taken at different distances from 
the film to the flame defines this area, 
which is then extrapolated to the diame- 
tral plane of the flame. 


I. Schlieren 


Considerable activity in the improve- 
ment and extension of the schlieren sys- 
tem was reported in 1950. 

A system employing multiple slit- 
gratings replacing the conventional knife- 
edge elements was described by Morten- 
sen!” of the Midwest Research Institute. 
A number of advantages are claimed, 
particularly that larger-sized working 
fields can be achieved with an objective 
lens of given aperture. Greater inten- 
sity of image illumination is obtained in 
some cases, and usually the overall 
length of the system can be reduced. 

A variable-focusing schlieren system 
was developed at Cornell University,'” 
which is able to distinguish between the 
density gradients occurring at various 
positions along the light path. This 
schlieren system utilizes multiple light 
sources and corresponding cutoffs to 
achieve this variable-focusing effect. 
The source plate has 82 slits, of which 
about 50 are illuminated, while the cutoff 
plate provides for 82 corresponding knife 
edges. Each source-cutoff combination 
produces an independent schlieren image, 
and for a given screen position, the 
shadows produced by density gradients 
at a single plane in the field superpose 
exactly. In general, for planes out of 
focus, offset superposition of the images 
blurs out the effects of density gradients 
not in the focal plane by a process similar 
to the focusing of ordinary lenses. This 
system has not been very effective in 
studying boundary layer phenomena. 

A conventional schlieren system em- 
ployed in connection with a shock tube 
for the study of two-dimensional wave 
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propagation was reported upon by 
Cornell University staff members." A 
spark source discharged 1.7 uf (micro- 
farads), charged to about 9 kv, for an 
exposure duration of the order of 1 ysec. 

A French governmental laboratory!!? 
has reported upon its schlieren system 
used for the study of supersonic flow. 
This system comprises essentially a con- 
trolled-arc source of light, and a double 
field lens (diameter, 21 cm, focal length 
1.5 m) producing an image which is 
shielded from the light source by a 
screen having almost the same dimen- 
sions as the image. A projection objec- 
tive is used to obtain an image of the sur- 
face to be studied on a screen between 
the field lens and the primary image. 
Cinematographic recordings have been 
employed. 

The Langley Aeronautical Laboratory, 
NACA, has reported!"* on its schlieren 
and other flow visualization techniques. 
Their experience with the 11-in. wind 
tunnel indicates that the limit of useful- 
ness is reached at a pressure of about 1 
mm of mercury for slender test models 
at M = 7.0. At these conditions, good 
results have been achieved by the use of a 
double-pass system which has proven of 
use at M = 10 for a 50-atm (atmos- 
phere) stagnation pressure. For higher 
tunnel speeds, the nitrogen afterglow 
technique'* has been employed. Schli- 
eren afterflow photographs have been 
obtained at low pressures. Examples of 
applications of schlieren systems to vari- 
ous aerodynamic flow studies are given. 

High-speed schlieren motion pictures 
were used at New York University,“ to- 
gether with instantaneous pressure meas- 
urements, to study flame structure and 
flow in half-open tubes. The high veloc- 
ity flames were produced by placing a 
grid augmenter in the path of an advanc- 
ing flame front. Frame frequencies in 
the Fastax range were employed. 

In other flame studies,!"5 schlieren 
photography has been used to measure 
the spatial velocities of flames moving in 
mixtures of nitrogen dioxide and for- 
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maldehyde, at initial pressures of 4 to 8 
cm of mercury in a spherical vessel. 

The schlieren technique has also been 
applied'* to the measurement of radial 
variations of gas temperature in arcs. 
Currents varied from 2.9 to 20 amp, and 
the gas temperature was 4000 K at 
about 4 mm from the discharge axis, 
falling to about 200 K at about 2 cm. 

The use of a phase plate replacing the 
knife edge in a schlieren system for use in 
microscopy has been extensively inves- 
tigated.!"—19 Improved sensitivity is said 
to result. 

Considerable interest has been shown 
in color schlieren systems. The conven- 
tional schlieren system, recording only 
brightness, is affected only by the com- 
ponents of the deflection at right angles 
to the knife edge. With a color schlieren 
system,'® using an illuminated color 
circle in place of the slit, and a circular 
aperture in place of the knife edge, the 
hue and saturation of an image will indi- 
cate the direction and magnitude of the 
deflection. This system has been applied 
to microscopy. 

The National Physical Laboratory at 
Teddington, England, has disclosed!*! a 
color schlieren system found to be useful 
for flow investigations in a high-speed 
wind tunnel. Using the standard off- 
axis schlieren system, a white-light 
source is dispersed by a prism, and the 
parallel beam of light passed through the 
working section. A plane mirror is 
used in connection with a slit and camera 
lens to bring the color schlieren image to 
focus on a photographic plate. The 
image of the source thus formed ahead of 
the slit consists of a series of colored bands 
and the slit, placed in the focal plane, is 
adjusted to cut off all the light except 
that of a particular color. When the 
density gradient in the working section is 
uniform, the image on the screen is 
monochromatic and uniformly iliumi- 
nated. But, with the introduction of 
schlieren, the corresponding image of the 
source shifts relative to the slit, and the 
corresponding part of the image on the 
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Figs. 6 and 7. Black-and-white reproductions of color schlieren photographs 
showing flow around a 12% double-wedge aerofoil at a Mach No. of 1.6. The 


originals were made on 35-mm Kodachrome. 


(Courtesy of R. J. North,!*! Aero- 


dynamics Division, National Physical Laboratory, Teddington, England.) 


1. Background—yellow 

2. Light to dark gray areas—green 

3. Leading and trailing shock waves— 
dark orange 


photographic plate changes color. Good 
results are said to have been obtained 
using a 48-w projector lamp as the light 
source. The quantitative use of this 
system may be achieved by moving a 
slit across until a particular color dis- 
appears from a point in the image on the 
photographic plate, thus determining the 
displacement of the corresponding image 
of the source in the focal plane of the 
second mirror. Figures 6 and 7 are color 
schlieren photographs presented through 
the courtesy of the National Physical 
Laboratory. 

Another color schlieren system produc- 
ing quantitative results has been dis- 
closed." This system utilizes a dis- 
persing prism to illuminate the field, and 
a slit in place of the usual knife edge. 
The normal field will then be colored 
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1. Background—green 

2. Light to dark gray areas — blue 

3. Leading and trailing shock waves— 
yellow 


and any deviation will be shown as a 
change in this color. If a second dis- 
persing prism with its axis at right angles 
to the first is placed near the image plane, 
deviations will be recorded as small 
spectra whose lengths are a measure of 
the deviation. Using a source with a 
number of discrete spectrum lines, the 
schlieren field will show colored contour 
lines whose deviation can be found from 
the known wavelengths. 


J. Interferometry 


Interferometric methods have proven 
of particular interest in the study of aero- 
dynamic flow and are finding other 
applications as extensions of earlier work 
in such fields as the study of metals, sur- 
face polish, hardness testing, and the 
formation of slip bands in stressed metal- 
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lic crystals.%* This latter technique of 
multiple-beam interferometry has also 
proven of use in the study of thin-film 
thickness measurements,'*4!% and indi- 
cates utility as a stage micrometer.’ !%7 
It has also been used in studying the 
mechanism of crystal growth in certain 
minerals, the examination of defects in 
mica, and the modes of oscillation of 
quartz. 

In aerodynamic investigations, a modi- 
fication of the standard Ronchi schlieren 
two-mirror technique has resulted in the 
development of a new, low-cost, large 
field diffraction grating interferometer. 
In this system, a monochromatic source 
and a pair of replica transmission grat- 
ings (2000 lines/in.) are used in conjunc- 
tion with the standard two-mirror schli- 
eren system, with the diffraction gratings 
placed axially in the light path between 
the two mirrors. Interference fringes 
consisting of two sets in each field image 
result, slightly overlapping at the center 
of the field, with one set being the com- 
plement in intensity of the other. The 
presence of the two sets of fringes limits 
the useful field in this particular appara- 
tus to approximately $ the area of the 
18-in. diameter schlieren mirrors em- 
ployed. 

A Mach-Zehnder interferometer, mod- 
ified for photoelastic purposes, has been 
investigated theoretically by Saenz'® 
of the Naval Research Laboratory for 
use in the analysis of residual stresses in 
quenched glass objects, which are so 
highly quenched that their explosive 
characteristics would prevent the use of 
cutting techniques for the measurement 
of these stresses. Promise is indicated in 
the adaptation of this technique to the 
study of transient thermal stresses in 
cylinders, particularly when the tempera- 
ture differences are so large that thermal 
and elastic constants of the material vary 
considerably and the radiation at the 
surface does not follow the simple New- 
ton Law of cooling, so that the Stefan- 
Boltzmann Law must be employed. 
Present photoelastic techniques do not 
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permit ready determination of such ther- 
mal stresses. 

The interferometer has been used at 
the Ballistic Research Laboratories at 
Aberdeen! in the study of approxi- 
mately axisymmetric flow at various 
Mach numbers about a cone-cylinder in 
free flight. Plotted fringe shift data 
from the region near the nose of the cyl- 
inder fall into a narrow band indicating 
approximate conicity. They also check 
closely the corresponding theoretical 
fringe shift data calculated for Taylor- 
Maccoll flow. 


K. Medical 


In the medical field, a rather large 
number of medical still cameras have 
appeared on the market, all essentially 
using the same embodiment: namely, a 
single-lens reflex 35-mm camera together 
with two light sources close to the lens, 
all held on a common base."*!_ Modifica- 


tions of this lighting system have been 
developed, using a circular electronic 
flash tube disposed annularly about the 
lens. 

In June of 1950, Neyhart"*? described 


an advance over previous systems for 
body-cavity motion picture photography 
utilizing a coaxial light source and taking- 
lens system. This camera is a combina- 
tion of a 16-mm magazine-loading elec- 
tric camera and a projection-type light 
source and optical system. The unit 
provides a beam of collimated light which 
is coincident with the camera lens cone, 
the two cones being identical in space. 
Thus, the field area illuminated by the 
beam is identical with the area photo- 
graphed by the camera and varies in 
width from 14 in. to 4} in. at camera 
distances of from 10 in. to 30 in., respec- 
tively. In this system, light from a 
1000-w lamp is collimated through a 
condenser and projection lens and passes 
through a special transmission-reflection 
mirror. This mirror consists of alter- 
nate clear and silvered bands which 
accomplishes both the passing of half the 
light and reflection of the subject, using a 
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mirror and taking-lens system, to the 
film. The projection and taking lenses 
are mechanically coupled and the camera 
permits viewing of the subject continu- 
ously during photography by both 
camera operator and surgeon. It has 
been applied to shadowless photography 
of natural body cavities, and cavities 
resulting from surgery, which can be 
visually examined without the aid of op- 
tical instruments. 

The Bausch & Lomb Optical Com- 
pany introduced its new retinal camera 
during 1950, employing fundamentally 
the principles of the Zeiss-Nordensen 
retinal camera. 

A semiautomatic camera for still 
photography of surgical procedures was 
developed at the Mayo Clinic.'** This 
camera, utilizing flash lamps dispersed 
about the lens, is housed in a sterilizable 
blimp. 

An accessory for medical photography, 
the Kamm Stand, was described by 
Hansell.'*4 This camera stand provides 
a rigid support for a camera to be placed 
at any point within a sphere of a 4-ft 
radius. It will also support the weight 
of at least one camera operator in several 
positions. 

A most interesting paper appeared in 
the British Journal of Photography'* con- 
cerning the application of photogram- 
metric techniques to medical research. 
The use of automatic plotting apparatus 
and stereogram pairs taken on fine-grain 
film has produced particularly accurate 
physical measurements of surface areas 
and of individual cells. It was stated 
that the location of a point can be deter- 
mined with a mean error of + 0.005 mm 
or +0.03% of the camera-to-object 
distance. 

Infrared photography has been applied 
to clinical investigations in the medical 
field'* where it is possible to show com- 
paratively superficial vascular changes, 
mainly in the subcutaneous veins. Ap- 
plications have been made in anatomi- 
cal, physiological, pathological and clini- 
cal fields. 
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L. Microscopy 

Microscopy in its various stages will 
be dealt with very briefly. A large num- 
ber of papers have appeared in 1950 in 
this field, and a few are listed in the 
bibliography of this section. 

Recent developments in light micro- 
scope instruments were discussed by 
Foster of Bausch & Lomb.'” New 
objectives for ultraviolet microscopy and 
phase-contrast microscopy were de- 
scribed. Silge and Kuhn of San Fran- 
cisco brought out their Orthophot,!* a 
relatively inexpensive photomicrographic 
apparatus, and the American Optical 
Company announced their new inverted 
metallograph.'* 

Resolution of microscopic systems has 
been more thoroughly investigated!” and 
it was found that the resolving power of 
the microscope is underestimated by the 
classical theory. 

The use of a Western Union point 
source for photomicrography was dis- 
closed by Weber in the Journal of the 
Biological Photographic Association.**! 

The applications of photomicrography 
were many as reported in the literature 
of 1950, and included technique informa- 
tion in such fields as metallurgy,'** dental 
microscopy,'** and in the study of the 
crazing of polystyrene specimens.“ 
(This latter study utilized the light 
microscope, the electron microscope, 
and the X-ray spectrometer.) Photo- 
micrographic techniques were used to 
study the solidification of small metallic 
droplets at the General Electric Research 
Laboratory.‘ A special high-low tem- 
perature microscope stage was developed 
in order to study specimens from the 
temperature of liquid nitrogen to an 
upper temperature determined by the 
melting point of the specimen.’ Sur- 
face tension effects in thin silver films 
were studied, using both bright field and 
polarized light microscopy and electron 
microscopy.!” 

Phase microscopy came in for further 
investigation during 1950, and a number 
of papers appeared in the PSA Journal,'** 
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Journal of the Optical Society of America,'®.1 
and the Comptes Rendus of the Academy of 
Science, Paris, France.42? The PSA 
Journal article by Richards'™* disclosed 
the use of an FT-230 gaseous-discharge 
tube used for phase photomicrography, 
including time-lapse motion picture 
techniques. Benford and Seidenberg'® 
of Bausch & Lomb described the applica- 
tion of phase-contrast microscopy related 
to opaque specimens, while Saylor, Brice 
and Zernike™ discussed the require- 
ments and applications of color phase- 
contrast microscopy. This latter tech- 
nique permits clear distinction between 
effects caused by scattering or general 
absorption and those caused by small 
differences in refractive index or thick- 
ness. The Comptes Rendus papers dis- 
close an apparatus taking the place of 
the eyepiece to give images in variable 
phase contrast, and a second appara- 
tus, which is independent of the micro- 
scope, utilizing a phase plate of variable 
absorption." 

A wide interest in ultraviolet micros- 
copy is evidenced by the literature. 
Grey of Polaroid described newly de- 
veloped objectives of catadioptric type of 
intermediate numerical aperture.'** 
The color translation microscope of E. H. 
Land, previously disclosed in 1949, was 
the subject of a brief review by W. F. 
Berg.4* R. C. Mellors," working at 
the Sloan-Kettering Institute for Cancer 
Research, gave a rather extended paper 
on the reflecting microscope used for 
qualitative and quantitative ultraviolet 
microscopy. An apparatus employing 
visible phase focusing and allowing a 
series of photographs in the ultraviolet 
range together with step-wedge calibra- 
tions to be rapidly taken, was designed 
for the ultraviolet photomicrography of 
living cells.“ Tumor tissues were also 
studied in visible light by means of a phase 
contrast searcher and photographed at 
2570A using a quartz monochromat.'” 
Jones of Kodak Ltd."* described tech- 
niquesemployed in the ultraviolet photog- 
raphy of hot metal surfaces. 
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Considerable progress was reported in 
electron microscopy during 1950 with the 
introduction of the Philips 100-kv elec- 
tron microscope,!® the RCA 50-kv table 
model,'®,161 the 100-kv three-stage elec- 
tron microscope built by Metropolitan 
Vickers of England,'** and the field elec- 
tron microscope of Muller of Germany.'** 
The light microscope and the electron 
microscope were compared by Marton! 
of the Bureau of Standards, and modifi- 
cations, techniques and applications were 
discussed in many other papers.165~18 

The X-ray microscope was also under 
further investigation during 1950 and 
some progress has been reported.1#!~184 

An exposure meter for photomicrog- 
raphy was reported in Electronics in 
January 1950.18 

two-wavelength microscope has 
been devised! in which light of one 
wavelength is permitted to flow as far as 
the diffraction image of the object. The 
light of a second wavelength is sub- 
stituted to this plane, and continues to 
flow through the rest of the optical sys- 
tem. In this case, the magnification 


depends not only on the image-to-object 


distance ratio, but also the ratio of the 
wavelengths used. Using X-rays and 
visible light, the magnification is of the 
order of 3 X 105 Studies of the struc- 
ture of marcasite were made.'* 

An observation chamber for ultra- 
microscopic investigations on aerosols 
was reported, and techniques of micro- 
spectroscopy,'* and infrared microspec- 
troscopy! were described. 


M. Radiographic 


A review of recent developments in 
medical photography and radiography 
was made by Watson™! of England. A 
number of new X-ray devices were dis- 
closed during 1950 including a 70-mm 
fluorographic camera? employing a 
curved mirror and correcting lens of the 
Schmidt type, having an effective aper- 
ture of f{/0.75. This camera is made by 
De Oude Delft in Holland. The film is 
held in a curved pressure plate, and a 
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resolving power of 30 lines/mm at the 
center and 25 lines/mm near the edge is 
claimed. The trend in fluorographic 
recording, the indirect X-ray recording 
method, has been toward Schmidt optics 
of high aperture.%* Fairchild, in this 
country, has disclosed such a camera. 

One of the important problems under 
investigation is the amplification and 
intensification of the X-ray image. 
Further work during 1950 indicates 
strides toward this realization. The use 
of the image-converter tube for fluores- 
cent image intensification was described 
by Rawlins and was shown to produce 
an intensification of some five-hundred- 
fold at the most, bringing fluoroscopic 
observations to a brightness of about 0.1 
mL (millilambert). Moon, this 
country, described the use of a scanning 
X-ray tube to accomplish the same end. 

Several general papers on the subject 
of the generation, of properties of X-rays, 
and their application were presented by 
Tasker, and by Meakin™*® (on the 
subject of megavolt radiography). 

X-ray photographs of the vocal tract! 
were used to determine the dimensions 
for each vowel permitting calculation of 
resonances in the study of normal speech. 
From these data, an electrical circuit has 
been made to produce acceptable vowel 
sounds. 

Cineradiographic devices were de- 
scribed by Campbell,™ L. Reynolds, 
et al,™! R. J. Reynolds,*? Janker,** and 
in Engineer.™* Essentially, all these 
workers are utilizing the indirect method 
in the studies of medical subjects to frame 
frequencies of the order of 50 frame/sec. 
In most cases, a high aperture lens of the 
order of f/1.0 or faster, is employed. 

Such a device is also described in 
Electronic Engineering™ built by Watson 
and Sonsin England. This device uses a 
120-kv, 400-ma X-ray tube and a 35-mm 
motion picture camera fitted with a 
4-cm f/1.5 lens, photographing the 
fluorescent screen image. The X-ray 
tube is excited only during the camera 
shutter-opening. Variable frame fre- 


quencies from 3.125 to 50/sec have been 
obtained. 

A 120-pulse X-ray tube is synchro- 
nized with a motion picture camera in a 
device for cine fluorography for clinical 
use, recently described. In this sys- 
tem, after an exposure to 4 pulses of 
X-ray, the current is shut off for the next 
4 pulses while the film is being advanced. 
For circulatory studies, 15 frame/sec is 
used, and 30 and 60 frame/sec have 
been achieved, again using the indirect 
method. 

An electronically controlled cineradio- 
graphic device described by Quittner™ 
permits pulsing of the X-ray tube for 
exposures of 3/sec upward. 

High-speed flash radiography provid- 
ing exposure durations of 1 ysec or less 
were described by Pollitt™* in England, 
and Clark™ in the United States. Expo- 
sure durations as small as 0.1 usec have 
been produced and applied in the study 
of explosive phenomena, projectiles in 
flight, and similar high-speed phenom- 
ena. Impulse X-ray tubes providing 
microsecond pulses were described by 
Funfer.? A million-volt resonant cavity 
X-ray tube was described by Mills?" for 
use as a radiographic stroboscope for the 
study of objects in movement. 

X-ray flash photographs of explosions 
in water at exposure durations of 2 to 
3 X 10-7 seconds were employed by 
Schall.2"* Shock-wave velocities up to 
6600 m/sec and impulsive pressures up 
to 190,000 atm are obtained in water by 
means of an explosive charge The veloc- 
ity of an advancing shock wave is a 
function of position and density varia- 
tions measured from the X-ray photo- 
graphs, permitting pressure-density rela- 
tions for high pressures to be calculated. 

The use of radioactive isotopes in in- 
dustrial radiography has been given con- 
siderable impetus and was reported upon 
by Tenney*!* of Los Alamos. Image 
formation by means of X-rays was fur- 
ther investigated by Cauchois,*"4 and a 
method permitting chemical analysis by 
means of X-rays was reported upon by 
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Alvarez.24% In this latter method, the 
concentration of an element in the anti- 
cathode of an X-ray tube is directly pro- 
portional to the photographic density 
produced by the characteristic X radia- 
tion of this element. Two photographs 
are taken, one recording the density of 
the unknown quantity of the element and 
the second photograph showing the den- 
sity for a known quantity of the same 
element. 

An X-ray tube producing a conver- 
gent beam of X-radiation in the form of a 
hollow cone was developed at Syracuse 
University.2 The light energy and 
spectral distribution of four different 
types of X-ray fluorescent screens were 
investigated,*"7 and the quantum effi- 
ciency in photographic X-ray exposures 
was further investigated by Bromley and 
Herz.218 


N. Underwater 


Several underwater cameras were dis- 
closed during 1950. Chesterman? de- 
scribed a motion picture camera having a 
100-ft film capacity enclosed in a water- 
tight casing with a self-contained electric 
drive. Focusing and stop controls were 
brought to the outside. The camera was 
slightly positively buoyant and could be 
operated by a diver with air-breathing 
equipment to permit work down to a 
45-m depth. 

Bucher?” employed a Rolliflex in a 
suitable housing for still photography to 
20 m in depth and describes color work 
when very high intensity conditions ob- 
tained at f/4.5 and 1/50 sec. Jenner??! 
described a still camera fitted with a 
battery-capacitor flashlamp illumination 
system containing six flashlamps to pro- 
vide for color photography in as short an 
elapsed time as 3 sec. The apparatus is 
contained in a transparent plastic cyl- 
inder. 

Underwater black-and-white and color 
photography was accomplished? in 
Germany using a Robot Camera syn- 
chronized with gaseous-discharge tubes 
which could be discharged at intervals of 


Kenneth Shaftan: Photographic Instrumentation in 1950 


8 sec. Hahn of the Woods Hole Oceano- 
graphic Institution®®* discussed some of 
the aspects of underwater photography at 
great depths. Various cameras were 
used including the Robot, reflex cam- 
eras, and 16-mm and 35-mm motion pic- 
ture cameras. Illumination was pro- 
vided by flashbulbs or gaseous-discharge 
tubes. Interesting sea life and geological 
studies have been made. 

Collins of the Royal Naval Scientific 
Service®** describes much of the work 
that has been accomplished to date by 
the British Admiralty and in liaison with 
the French Navy. The spectral trans- 
parency of different waters was investi- 
gated and photometric studies were car- 
ried out. Sunlight and artificial illumi- 
nation provided by various sources, in- 
cluding 250- and 400-w mercury arcs 
and 45-w sodium-vapor lamps, were used 
and 35-mm still and 16- and 35-mm 
motion picture cameras and shallow- 
water diving apparatus were employed. 

Conger, of the U. S. Naval Photo- 
graphic Center*® described, before this 
Society, the new Aquaflex 35-mm under- 
water motion picture camera designed 
and built by Eclair of France. This 
device permits photography from 8 to 
40 frame/sec and has a capacity of 400 ft 
of film. The Aquaflex is housed in a 
specially designed container having a 


supply-demand type compressed-air valve 


regulated to provide 3 Ib/sq in. over sea 
pressure at the depth of the camera. 
The air supply is carried in a charged 
cylinder under the container. A reflex 
viewfinder permits viewing during expo- 
sure and controls are available external 
to the case. 


O. Photosensitive Materials 
and Treatment 


A new film base was developed by 
Armour Research Foundation*® for the 
U.S. Army Signal Corps. The material 
used is n-propyl cellulose, which was 
stated to work successfully in laboratory 
tests for wear at temperatures ranging 
from —65° to +140 F. 
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Speed, contrast, and graininess in the 
ultraviolet region of 2650 A, were meas- 
ured by R. D. B. Fraser in England,?” 
for 10 motion picture emulsions. The 
number of photographs which may be 
obtained for a given radiation dosage is 
an important characteristic of an emul- 
sion in the ultraviolet cinephotomicrog- 
raphy of living cells. Fraser derived 
an index useful as a guide to this quan- 
tity. 

Ultraviolet photographic plates intro- 
duced in 1949 and described in 1950 by 
Schoen and Hodge** are made to be 
sensitive to the very short ultraviolet 
wavelengths which can only be photo- 
graphed in the vacuum spectrograph. 
The plates depend on having the mini- 
mum amount of gelatin covering the 
silver halide of the emulsion to reduce 
ultraviolet absorption by gelatin to a 
minimum. 

Polaroid-Land film, Type 41, produc- 
ing black-and-white prints was intro- 
duced,?” 

Two new nuclear emulsions were de- 
veloped by Eastman Kodak, the Type 
NTB2 and the Type NTC3 plates.*™ 
The latter is designed to record low- 
energy alpha particles and low-energy 
protons to 7 mev. 

Kodak autoradiographic plates, Type 
A and Type No Screen, for use in radio- 
active isotope research, were also made 
available. 

In addition, a high resolution emulsion 
for autoradiography was described by 
Berriman, Herz and Stevens.**! This 
material consists of a glass support carry- 
ing a strippable 10- gelatin layer which 
carries on its upper surface a 4-y thick- 
ness of fine-grain concentrated emulsion. 
The characteristics of this emulsion have 
been investigated and the resolving 
power measured by making autoradio- 
graphs from radioactive test charts pro- 
ducing a value of at least 200 lines/mm. 
A method of preparing an emulsion for 
the recording of nuclear particles is de- 
scribed by Demers.?*? It is stated that 
this emulsion is sufficiently sensitive to 


record electron tracks at energies down 
to 1.8 times the minimum ionization 
energy. 

The spectral sensitivity of Kodak No 
Screen and Kodak Industrial Type K, 
X-ray films were determined** in the 
region between 0.2 and 2.5 A. 

Latensification with ozone, producing 
speed increases from 9 to 100%,?4 gold 
sensitization of X-ray films,?* and a brief 
review of treatment of under-exposed 
negatives**® were described in other 
papers presented in 1950. The com- 
bined effect on the latent image of infra- 
red radiation and intensification was 
investigated by the Eastman Kodak Re- 
search Laboratories.?” 

The use of 6-nitrobenzimidazole and 
benzatriazole as antifoggants is dis- 
cussed by Schantz,*** while ion-exchange 
methods used for the reclamation of 
wash water were described by Levinos*® 
of Signal Corps Engineering Laboratory. 

Double development of nuclear emul- 
sions has been investigated by Jech.?” 
Uniform development throughout the 
depth of nuclear emulsions has been 
difficult toachieve. Stevens*! of Kodak 
Ltd. has investigated temperature coeffi- 
cients of swelling and development in 
100-4 NT1 nuclear plates. 

Low-intensity reciprocity failure inves- 
tigations continued, with papers by 
Katz,*42.243 and Webb.*4424 Milne of 
the Institute of Optics, University of 
Rochester,*@ studied a new reciprocity 
failure in exposure at high intensity and 
short duration. For simple blue-sensi- 
tive emulsions, the reciprocity law is 
found to be valid for exposure times some- 
what shorter than 10-5 sec. However, 
in the case of Super XX (dye-sensitized 
emulsions), a new reciprocity failure is 
observed for exposure times shorter than 
10~* sec and amounting to 0.2 to 0.3 log 
units of exposure referred to a density of 
1.0, for exposure times of 10~* sec. Ex- 
posures made with the aid of filters indi- 
cate that this failure occurs only for that 
part of the exposure contributed by the 
sensitizing dyes and does not occur for 
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exposure to blue light absorbed directly 
by the silver halide. 


P. Special Photosensitive Systems 

The metal diazonium process was fur- 
ther described by the Philips Research 
Laboratories.?“.24* system of photo- 
graphic reproduction has particularly 
high resolving power (of the order of 
1200 lines/mm). Cellophane may be 
used for the film base, and the system 
applied to such applications as sound-on- 
film recording, microfilming, and other 
processes where a high resolution is of 
importance. It is understood that the 
Philips Research Laboratories have dis- 
continued their technical development of 
this system. This system offers interest- 
ing possibilities and we hope that means 
may be found to continue investigation. 

Xerography, previously disclosed, was 
the subject of a brief review paper in 
1950.2 Continued development of the 
process has led to its application in radiog- 
raphy. In Xeroradiography, a metal 
or transparent support is coated with a 
semiconductor sensitive to X-rays, which 
is sensitized by charging it. This surface 


charge is discharged into the conductive 
backing in areas exposed to X-rays. 
The resultant latent electrical image is 
developed in a few seconds by flowing a 
resin powder over it which clings to the 
still-charged regions. Paper prints may 


be made by transfer of resin. It is 
claimed that the speed of Xeroradiog- 
raphy exceeds that of most nonscreen 
X-ray emulsions, that the contrast sensi- 
tivity is better than the 2% required for 
aircraft inspection, and that the resolu- 
tion exceeds 200 lines/in. 

Kaprelian™' of the Signal Corps Engi- 
neering Laboratory presented an exten- 
sive survey of photographic processes and 
materials and of unconventional proces- 
sing systems. 


Q. High-Speed Processing 


Much attention has been given to the 
development of apparatus tech- 
niques for rapid processing of emulsions. 
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A self-processing camera was described 
by Jackson? intended to give developed 
photographs of shell bursts or PPI 
cathode-ray pictures on 35-mm film 
within 15 sec after exposure. The film 
is exposed and then passed through a 
thermostatically heated developing tank, 
and thence to an illuminated viewing 
position after excess solution has been 
removed by passage through a light- 
tight roller squeegee. The film must be 
lowered into the developer simultane- 
ously with the start of the film through 
the camera, and must be lifted out just 
before the film comes to rest to prevent 
melting the emulsion. The developer is 
used at 100 F, and consists of Johnson’s 
M.Q. undiluted, and contains 6%-7% 
of caustic soda. Fixing is accomplished 
with an acid potassium iodide bath. 
The image thus consists of black-devel- 
oped silver against a yellow background 
of silver iodide and is stable to further 
light action. 

Levinson™* of Kodak Ltd., described 
the development of a small continuous 
processing machine for the development 
of paper or film of 35-mm width or less, 
which has no sprockets, and is not re- 
stricted to one width of film at a time. 
This device is of flexible construction 
permitting rapid modification to suit 
particular needs. Provision is made for 
eleven tanks, 4 in. square of 11-, 6-, or 
34-1 capacity, which have three hose 
connections to allow variation in agita- 
tion and circulation. Speeds from 3 in. 
to 15 ft/min are obtainable. 

Levinson™* also discloses a compact 
device for the rapid processing of 35-mm 
paper in roll form. The unexposed 
paper is passed into a small tank contain- 
ing a developer and thence over a large 
heated drum to a take-up reel. The 
exposure is made after the paper passes 
through the developer and immediately 
upon contact with the drum. A paper 
speed of 25-mm/sec and a developer 
temperature of 43 C are used. The trace 
is visible in half a second at 12} mm from 
the point of exposure. 


473 


= “ 
| 
. 
| 
‘ 
~ 
pet 
et: 


Sixteen-mm motion picture film may 
be processed in a new rapid film proces- 
sor developed at the General Precision 
Laboratory in Pleasantville, N.Y. A 
hardened emulsion (Eastman Fine Grain 
Release Positive Film, Type 7302) is proc- 
essed at elevated temperatures of the 
order of 120 F; a total processing time of 
40 sec between input and output ends of 
the processor obtains. The linear speed 
of travel of the film through this proces- 
sor is 36 ft/min, corresponding to 24 
frame/sec. The device has been used in 
the intermediate-film theater television 
system. 

Ives and Kunz of Eastman Kodak™ 
described recent work on rapid proces- 
sing methods, and indicated that the 
times of treatment can be reduced by a 
factor of 25 to 50. 

Leonhard Katz of the Raytheon 
Manufacturing Co. has disclosed the use 
of high-speed turbulent film drying and 
processing based upon his theoretical 
and practical research in molecular dif- 
fusion processes. 

Tuttle and Brown of the Kenyon 
Instrument Co,” have developed a high- 
speed processing system utilizing vacuum 
injection of the processing fluids. In the 
embodiment they disclose, a 35-mm mo- 
tion picture film carried in roll form is 
exposed through a self-contained lens, 
successively stepped to three vacuum- 
injected processing fluid stations, and 
thence to a dryer and projection system. 
The total time elapsed between start of 
development and projection may be of 
the order of 4 sec. 

Stabilization processing to produce 
images of moderate stability without 
washing was reported on by Russell, 
Yackel and Bruce. 

The Engineering Division, Photo- 
graphic Laboratory, of the Air Materiel 
Command reported a new Ansco Color 
Film processing method in which the 
processing time of 90 min originally 
taken was reduced to 20 min. A pre- 
hardened emulsion permits 80 F proces- 


sing. 
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A relatively rapid film drying process 
applied to X-ray sheet film was described 
by Davies and Soper. A 25% solu- 
tion of diacetone acohol in petroleum 
ether is used, the film immersed after 
washing and blotting and withdrawn 1 
min later. The water is effectively re- 


moved from the swollen gelatin layer 
and wiping with a soft cloth readies the 
film for projection and handling. 


R. Optical Elements 

In 1950, a number of interesting objec- 
tives were developed. A_ relatively 
simple variable focus lens was described 
by Cuvillier, the Berthiot Pan-Cinor. 
This lens provides for a transmission of 
85% and focal lengths of 0.8 to 2.4 times 
the focal length of the associated objec- 
tive lens. For example, a Pan-Cinor 
lens for 16-mm film of nominal focal 
length of 25 mm, provides focal lengths 
of 20 to 60 mm. The aperture of this 
lens is f/2.8. Wide-angie and telephoto 
types have been developed. 

A wide-angle underwater lens was 
developed by Thorndike,*! covering a 
half field of 374°. The area imaged 
with this lens is more than seven times 
that covered with the customary ar- 
rangement of a conventional camera 
lens behind a plane window. 

Considerable further development of 
Schmidt objectives was disclosed in 1950. 
Wormser™? described the design of a 
wide-angle (40°) Schmidt system having 
a focal ratio of f/0.7. Seegert™* re- 
viewed progress in the development of 
wide-aperture photographic objectives 
and Paul‘ reviewed current designs of 
catadioptric objectives. A refractive lens 
of aperture f/1.0 has been described,™ 
the Tachonar, and is available in focal 
lengths of 25, 50, and 75 mm. 

Interference filters permitting the 
transmission of narrow-wavelength bands 
or for the exclusion of infrared, have been 
introduced by Fish-Schurmann, Bausch 
& Lomb, and Baird Associates, and have 
been described by Greenland and Billing- 
ton** of England, and Roig and Des- 
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camps*” of France. An _ interference 
mirror used in an arc projector to trans- 
mit infrared and reflect the visible spec- 
trum was described by Koch. 

The use of the electrooptical shutter 
has been applied by Babits and Hicks of 
Rensselaer, using ADP crystals, for the 
production of electrically controlled color 
filters. 

S. Light Sources 

A number of interesting light sources 
and their applications were described in 
1950. A high-intensity spark source, 
providing an effective duration of the 
order of 1077 sec has been developed at 
Catholic University.%" The system used 
permits a much more intense source 
than has been previously developed. 

The light emission from high-current 
spark discharges of the flash-tube type, 
has been studied by Glaser.7:? Sparks 
obtained with the discharge of the large 
capacitances (0.01 to 5 mf at 2 to 15 kv) 
through gases at 1 to 17 atm were studied 
for spectral emission. Additionally, os- 


cillator discharges were studied. The 


FT-110 flash tube providing for high 
efficiency at low voltage was described 
by Noel and Davis.”* Barstow®* applied 
a very small quartz tube designed speci- 
fically for an infrared instrument re- 
corder. The use of the gaseous-dis- 
charge tube as a light source for motion 
pictures was analyzed by Carlson and 
Edgerton,”"* while Olsen and Huxford™* 
of Northwestern University measured the 
electrical and radiation characteristics of 
flash discharges in quartz tubes filled 
with rare gases at pressures of about 100 
mm of mercury. 

Laporte has applied xenon flash tubes 
to photomicrography at repetition rates 
up to 25/sec,* and has investigated?” 
the use of the gaseous-discharge tube for 
projection at 24 frame/sec, a flash tube 
operating at 48 flashes/sec has been 
employed. An embodiment of _ this 
nature was described in a German jour- 
nal by Hagemann*® in a continuously 
moving film projector. 
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A compact source lamp described by 
Bourne and Beeson”® has been employed 
for high-speed motion picture photog- 
raphy. This device, named the Cine 
Flash, permits the flashing of two com- 
pact source mercury-cadmium lamps 
operated in series at their normal wat- 
tages of 1 kw as continuous sources, and 
then flashed at 3, 5 or 10 kw for 5, 2 or 1 
sec. This light output is sufficient for 
color photography at speeds up to 3000 
frame/sec or for black-and-white photog- 
raphy with small lens apertures to give 
considerable depth of focus. 

General Electric introduced a schlieren 
light source utilizing their H-6 mercury 
lamp.?@ 

Hoyt and McCormick**! have made an 
intensive study of the dependence of peak 
intensity and duration of the visible light 
from arcs of a few microseconds’ duration 
in xenon, krypton and argon on the input 
energy, the circuit characteristics, the 
gas and the pressure. The ultraviolet 
radiation of the high-pressure xenon arc 
was investigated by Baum and Dunkel- 
man.*8? This source, operating under a 
pressure of approximately 20 atm, pro- 
vides a particularly intense ultraviolet 
source. It was found that the radiance 
of the central spot exceeds that of the 
carbon crater by a factor of 23 at 2500 A, 
12 at 3000 A, and 6 at 3500 A. 

Carbon arcs have been the subject of 
further research, and have led to the 
development of a new high-intensity 
carbon arclamp described by Gretener.#* 
This device, called the Ventarc, produces 
an extremely high brilliance. 

A power supply for the Western Union 
concentrated arc lamp was described by 
Mitchell,**4 and Buckingham™* disclosed 
the new Western Union open-air con- 
centrated arc lamp. This latter device, 
using molten zirconium, provides an 
intense light source of small size, rela- 
tively long life, and good stability. 


T. Nuclear 


With the advent of the new nuclear 
emulsions produced by Kodak here and 
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abroad, by Ilford in England and of 
special emulsions produced by individual 
investigators, considerable use is being 
made of photographic techniques in nu- 
clear research. Much of the literature 
deals with the application of these tech- 
niques in such fields as cosmic ray, par- 
ticle disintegration, particle energy and 
similar studies. Refinements in auto- 
radiographic techniques have been re- 
ported and applications appear to be 
quite widespread. Work is continuing 
on the refinement of cloud chambers with 
a continuously sensitive cloud chamber 
being reported.*** Characteristics of nu- 
clear photographic emulsions, the tech- 
niques in which they are used, and the 
means for studying the results were sub- 
jects for a number of papers. (See Sec- 
tion O above.) 

One unusual application concerned 
itself with the study of bird flight.2” An 
apparatus measuring 8 mm by 5 mm, is 
attached to a bird. The device consists 
of a tube containing an annulus with a 
source of alpha particles at one end, a 
piece of photographic emulsion at the 
other, and a steel ball between. This 
device is established in such a manner 
that when the bird is in flight, there is a 
clear passage between the alpha-particle 
source and the emulsion, and when not in 
flight, the path of the alpha particles is 
blocked by the ball. Data on flying 
time may be deduced from photometric 
measurements of the emulsion. 


U. Miscellaneous 


A new apparatus permitting simul- 
taneous and instantaneous photography 
of a 360° panorama was described by 
Blet*** in France. Two silvered cones 
are oriented axially with the apexes fac- 
ing. The image is reflected by the upper 
cone to the second cone and thence to a 
strip of 35-mm film held in a glass cyl- 
inder arranged about the second cone. 
In the image produced, the ordinates are 
amplified relative to the abscissas which 
proves advantageous in applications for 
which the device was designed, such as 


the measurement of sunlight variations 
with hour of day and season. 

A device for automatic exposure con- 
trol designed for the U.S. Air Force was 
disclosed by Bruck, Higgins and Ward? 
of Specialties, Inc. The control system 
consists of an additional lens and a photo- 
cell whose output is amplified to drive a 
servomotor geared to the camera-lens 
aperture. The device has a rapid re- 
sponse and is said to be particularly use- 
ful for aerial photography. 

Photographic methods for production 
of optical gratings and reticles have been 
proven of considerable use. Two good 
survey papers were presented in 1950 by 
Leistner™ and by Gundlach and Rzym- 
kowski.™* 

The Ansco-Sweet-MacBeth color den- 
sitometer introduced earlier was de- 
scribed in this Society’s JouRNAL by its de- 
signer,®? while Morrison and Hoadley’ 
of the Kodak Research Laboratory dis- 
closed their spectrosensitometer. This 
latter device is designed to expose photo- 
graphic materials through the range of 
3500 and 9500 A for the evaluation of 
spectral sensitometry. The sensitometric 
steps are produced with repetitive incre- 
ments of radiation level of log 0.3. 

A qualitative technique for rendering 
lines of magnetic force visible was intro- 
duced.%4 The pole pieces of a magnet 
are covered with a suitable insulating 
material containing a few holes or slits. 
They are connected to each other by a 
tube containing an anode and cathode 
necessary for electrical gas discharge, 
which, under suitable pressures, becomes 
visible along the lines of force originating 
from the uncovered points on the sur- 
faces of the pole pieces. 

Another qualitative technique, this one 
making ultrasonic waves optically visible, 
was devised in Germany by Schreiber 
and Degner.** A ZnS-CdS phosphor is 
used of unknown phosphor content. 
After exposure to light for intervals be- 
tween 30 sec and 5 min, the resulting 
phosphorescence is extinguished at the 
areas of maximum absorption of ultra- 
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sonic energy. Using a quartz transmitter 
of 1.56 mc/sec, satisfactory photographs 
were obtained at quartz-to-phosphor dis- 
tances of 0.4 to 11 cm. Similar work 
was reported by Eckardt and Lindig,™ 
also of Germany. They used a vessel 
containing air-free water closed by a 
celluloid film covered with a phosphor 
on its upper surface and placed 6 to 12 
cm below a quartz transmitter operating 
at 70 w and 1.42 mc/sec. The phosphor 
is first illuminated by an arc lamp fitted 
with a quartz condenser for about 1 min. 
About $ min after the illumination is 
turned off, the quartz ultrasonic trans- 
mitter is energized, and the phosphor 
glows producing a sound picture which 
is photographed. When the transmitter 
is shut off, a negative sound picture is 
produced. Those parts of the phosphor 
which glowed previously, now appear as 
dark zones. 

Phosphors are used for temperature 
field measurements in a method de- 
veloped by Urbach and others at the 
Eastman Kodak Laboratories, Roches- 
ter, and described previous to 1950. 
Temperature-sensitive phosphors reveal 
as dark areas localized small increases in 
temperature when the phosphors are 
illuminated by ultraviolet light. Two 
techniques may be employed: one in 
which the phosphor is in contact with 
the body under study, and the second in 
which an image of the body is formed on 
a thin sheet of phosphor by reflection of 
the heat radiation from the body. It is 
said that accurate temperature distribu- 


tion maps may be produced by photo- 
graphic photometry from photographs 
produced in this manner. A review 
paper on the subject was presented by 
Urbach.™ 

An interesting apparatus permitting 
time-resolved spectroscopy of single 
sparks and other short-duration light 
sources was described by Gordon and 
Cady.™* A Bausch & Lomb Medium 
Quartz Spectrograph was modified to 
permit sweeping the image of a selected 
region of the light source along the length 
of the slit by means of a rotating mirror 
operated at speeds to 36,000 rpm. The 
time base may be made as short as 10 
psec and time resolution of events in the 
source as brief as 0.5 psec. Exploding 
wire and spark spectra were studied by 
this method. 


V. New Publications 


A number of new or reconstituted 
publications of interest to photographic 
instrumentation appeared in 1950. 
Photographic Science and Technique, a quar- 
terly technical supplement designated as 
Section B of the Photographic Society of 
America Journal; Photographic Engineering, 
another quarterly, the official journal of 
the Society of Photographic Engineers of 
Washington, D.C.; Functional Photog- 
raphy, a monthly publication originating 
in England; and Photo-France, a monthly 
journal of general photographic interest. 

The German journal Photo-Kino-Tech- 
nk has changed its name to Photo- 
Technik und Wirtschaft. 


Vv. CONCLUSIONS 


From the foregoing brief abstracting 
of the literature of interest to photo- 
graphic instrumentation, it may be con- 
cluded that this information is appearing 
in an ever-increasing number of journals 
and that it is becoming more difficult to 
locate and utilize. 

A considerable effort is being made in 
a number of fields, and the design, de- 
velopment and use of photographic in- 
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struments and techniques are expanding. 
High-speed still and motion picture 
photography, oscillography, data-record- 
ing photography, reduction of data in- 
strumentation, schlieren techniques, high 
speed processing, microscopy, radiog- 
raphy and nuclear photographic tech- 
niques are being given considerable at- 
tention and much more work for the 
future is indicated. 
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Widespread dissemination of informa- 
tion in this field is not currently possible. 
Very often, the editors of the several 
technical journals, because of its highly 
specialized nature, must omit photo- 
graphic instrumentation data. Rarely 
will applications papers devote any space 
to a discussion of the instrumentation in- 
volved. No continuing digesting (as 
contrasted with abstracting) is being 
done in English, and the French publica- 
tion, Science et Industries Photographiques, 
which comes closest to what is needed, is 
limited in accessibility to workers in this 
country. This publication is concerned 
in large measure with a number of photo- 
graphic fields other than photographic 
instrumentation — particularly chemis- 
try and physics relating to photosensitive 
systems. Although a remarkable scope 
is covered, it being essentially the work 
of one man, L. P. Clerc, it cannot be 
exhaustive. M. Clerc has for many years 
brought forth, almost single-handed, this 
admirable work and the author hopes 
that continuing survey with greater em- 
phasis in the field of photographic instru- 
mentation patterned along the line so 
remarkably developed by M. Clerc, can 
one day be established in this country. 

In addition to the scientific journals 
of the world, an untapped source of con- 
siderable magnitude of data in this field 
is to be found in the research reports of 


government agencies and of government- 
sponsored private research activities. 
Much important information concerning 
instrumentation in this and other fields 
has received only small dissemination 
because no mechanism has been set up to 
digest it and because of security restric- 
tion, often too stringent. It is hoped that 
at least the nonclassified information can 
be included in the digest advocated. 

The Society of Motion Picture and 
Television Engineers, through its liaison 
with the other technical societies con- 
cerned, hopes to improve dissemination 
of photographic instrumentation infor- 
mation in a number of ways presently 
under investigation. Steps are being 
taken to explore the possibility of estab- 
lishing the continuing survey proposed. 

The outlook for photographic instru- 
mentation for the future continues to be 
bright, with new and large-scale effort 
being made in many directions. The 
design and development of new instru- 
ments is being accomplished more and 
more by those skilled in the properties of 
the photographic medium, rather than 
by investigators in the several sciences 
who find photographic techniques of use 
in their work. This trend will lead to 
better instruments on the commercial 
market, and will help to extend the use- 
fulness of these techniques. 


VI. BIBLIOGRAPHY 


. C. E. K. Mees, Theory of the Photo- 
graphic Process, Macmillan, New York, 
1942. 

. D. Hoffleit, Sky and Telescope, 9: 
207-10, July 1950. 

. E. Muybridge, Animal Locomotion, J. 
S. Lippencott, Philadelphia, 1888. 

. L. P. Clerc, Editor, Science et Industries 
Photographiques, France. 

. Photographic Abstracts, Royal Photo- 
graphic Society of Great Britain. 

. Monthly Abstract Bulletin of the Kodak 
Research Laboratories, Rochester, 
N. Y. 


7. Ansco Abstracts. 

8. Physics Abstracts, issued monthly by the 
Institution Elec. Eng. (England) with 
the Physical Soc., Amer. Phys. Soc., 
and the AIEE. 

. A. M. Worthington, A Study of Splashes, 
Longmans, New York, 1908. 

. Conrady, et al, Photography as a 
Scientific Implement, Blackie & Sons, 
London, 1923. 

11. C. Cranz, Lehrbuch der Ballistik, Band 
3, Springer, Berlin, 1927. 

12. L. Fink, Photographische Messtechnik, 
Oldenbourg, Munchen, 1940. 


November 1951 Journal of the SMPTE Vol. 57 


| 
j 
} 
id 
1 
3 
| 
6 
478 


. C. H. S. Tupholme, Photography in 
Engineering, Faber and Hyperion 
Press, London, 1945. 

. A. Magnan, Premiers Essais de Ciné- 
matographie Ultrarapide, Hermann et 
Cie, Paris, 1932. 

. A. Magnan, Cintmatographie jusqu’a 
12,000 Vues per Second, Hermann et 
Cie, Paris, 1932. 

. P. Fayolle and P. Naslin, Photographie 
Instantante et Cinématographie Ultra- 
rapide, Editions de la Revue 
d’Optique, Paris, 1950. 

- E. W. H. Selwyn, Photography in 
Astronomy, Eastman Kodak Co., New 
York, 1950. 

. H. K. Bourne, Discharge Lamps for 
Photography and Projection, Chapman, 
London, 1948. 

. R. J. Hercock, The Photographic Re- 
cording of Cathode Ray Tube Traces, 
Ilford Ltd., London, 1947. : 

. C. F. Powell and G. P. S. Occhialini, 
Nuclear Physics in Photographs, Claren- 
don Press, Oxford, 1947. 

. H. Yagoda, Radioactive Measurements 
with Nuclear Emulsions, John Wiley & 
Sons, New York, 1949. 

. D. A. Spencer, Editor, Progress in 
Photography, 1940-1950, Focal Press, 
London and New York, 1951. 

. J. M. Bourot, Chronophotographie des 
Champs Aerodynamiques, Publications 
Scientifiques et Techniques du 
Ministre de L’Air, Paris, 1949. 

. P. Thevenard and G. Tassel, Le 
Cinéma Scientifique Frangais, La Jeune 
Parque, Paris, 1948. 

- O. Lacmann, Die Photogrammetrie 
in threr A auf  Nichttop- 
ographischen Gebieten, S. H. Verlag, 
Leipzig, 1950. 

. “Low Cost 16-mm Camera for Rocket 
Photography,” R. E. Mueser and 
T. F. Irvine, Jr., J. Am. Rocket Soc., 
82: 119-25, Sept. 1950. 

- “2000 m.p.h. Timing Equipment,” 
Rev. Sci. Instr., 21: "889, Oct. 1950, 

. “High-Speed Photography of Re- 
flection-Lighted Objects in Tran- 
sonic Wind Tunnel Testing,” E. R. 
Hinz, C. A. Main and E. P. Muhl, 
Jour. SMPTE, 55: 613-26, Dec. 1950. 

. “Hand-Held High-Speed Motion Pic- 
ture Camera,” B. Marcus, Phot. 
Eng., 1: 57, Apr. 1950. 


Kenneth Shaftan: Photographic Instrumentation in 1950 


40. 


41. 


30. “High-Speed Photography re Under- 
water Explosions,” P. M. Fye, 
Jour. SMPTE, 55: 414-24, Oct. 1950. 


. “Cinematographic Analysis of Rapid 


Movements,” L. Bull, Mesures, 15: 
329-333, Aug. 1950. 


. *100,000,000-Frame-Per-Second 


Camera,” M. Sultanoff, Rev. Sci. 
Instr., 21: 653, July 1950. 

, Jour. SMPTE, 55: 158-166, 
Aug. 1950; see also “High-Speed Mo- 
tion Pictures by Multiple-Aperture Fo- 
cal-Plane Scanners,” and “Improve- 
ments in High-Speed Motion Pictures 
by Miultiple-Aperture Focal-Plane 
Scanners,” F. E. Tuttle, ibid., 53: 
451 and 462, Nov. 1949. 


. “Simple Device for Ultra-high-speed 


Photography,” H. Bartels and B. 
Eiselt, Optik, p. 56, Jan. 1950. 
“Multiple Kerr Cell Camera,” A. 
M. Zarem and F. R. Marshall, Rev. 
Sci. Instr., 27: 514-19, June 1950. 


. “Kerr Cell Camera and Flash Illumi- 


nation Unit for Ballistic Photog- 
raphy,” H. F. Quinn, W. B. McKay 
and O. J. Bourque, J. Appl. Phys., 
27: 995-1001, Oct. 1950. 


. “Operation and Photographic Char- 


acteristics of Kerr Cell Type Electro- 
Optical Shutter,” A. E. J. Holtham 
and H. A. Prime, Proc. Phys. Soc., Lon- 
don, B63, No. 368: 561-72, Aug. 1950. 


. “A High-Speed Camera with Elec- 


tronic Controls,” R. B. Bowersox, Jet 
Propulsion Laboratory, California 
Institute of Technology. Paper K-9, 
American Physical Society, Dec. 
1950. 


. “The Development of High-Speed 
Electricall 


Photography and the y 
Controlled Camera Shutter,” H. 
Windischbauer, Phot. Korr., 85: 100- 
104, Dec. 1950. 


. “Iconoscope Electro-Optical Shutter 


for High-Speed Photography,” H. A. 
Prime and R. C. Turnock, Reo. Sci. 
Instr., 20: 830, Nov. 1949; 

» Proc. Inst. Elec, Eng.(I]), 97 
793-96, Dec. 1950. 
““A New Method for the Photographic 
Study of Fast Transient Phenomena,” 
J. S. Courtney-Pratt, Research, 2, 
No. 6: 287-94, June 1949, 
“Simultaneous Photography of Self- 
Luminous and Non-Self-Luminous 


479 


- 1 3) 
: 15 
16 
| 
17 
18 
33 
19 
34, 
4 20 
3 5 
+ 
21 i q 
23 | 
j 
| : 
25) 
38 
26 
39 
{ 
27 


42. 


43. 
44, 


45. 


53. 


| 54. 


55. 


480 


Effects,” 


Jj. S. Rinehart, Rev. Sci. 
Instr., 27: 939-940, Nov. 1950. 
“The Formation of a Blast Wave by 


a Very Intense Explosion, II. The 
Atomic Explosion of 1945,” G. Taylor, 
Proc. Roy. Soc., London, A201: 175-86, 
Mar. 1950. 

“Photography and Study of Under- 
water Missiles,’ W. H. Christie, 
PSA Journal, 16B: 55, Aug. 1950. 
“Photography in the Rocket Test 
Program,” C. H. Elmer, Jour. 
SMPTE, 54: 140, Feb. 1950. 
“Augmented Flames in Half-Open 
Tubes,” M. W. Evans, M. D. 
Scheer, L. J. Schoen and E. L. 
Miller, J. Appl. Phys., 21: 44-8, 
Jan. 1950. 


. “Study of Crack Propagation Using 


High-Speed Motion Pictures,” H. 
I. Fusfeld and J. C. Fader, J. Appl. 
Phys., 27: 261-2 (Letter to Ed.), 
March 1950. 


. “The Development and Deionization 


Time of Heavy-Current AC Arcs,” 
J. S. Forrest, Brit. J. Appl. Phys., 1: 
10-13, Jan. 1950. 

“The Behavior of the Cathode Spot 
on an Undisturbed Liquid Surface of 
Low Work Function,” K. D. Froome, 
Proc. Phys. Soc., London, 63B: 377-85, 
June 1950. 


. “The Retrograde Motion of the Arc 


Cathode Spot” C. J. Gallagher 
J. Appl. Phys., 21: 768-71, Aug. 1950. 
“The Analogy between Hydraulic 
Jumps in Liquids and Shock Waves 
in Gases,’ F. R. Gilmore, M. S. 
Plesset and H. E. Crossley, Jr., J. 
Appl. Phys., 21: 243-9, March 1950. 


. “The Virtual Mass of a Sphere 


Entering Water Vertically,’ A. May 
and J. C. Woodhull, J. Appl. Phys., 
27: 1285-89, Dec. 1950. 


. “Cinematographic Recording of the 


Velocity of Arterial Blood Flow,” 
J. M. Potter and D. A. McDonald, 
Nature, 166: 596-7, Oct. 1950. 
“The Impact of Raindrops on 
Fabrics,’ M. and G. Karrholm, 
Textile Research J., 20: 215, Apr. 1950. 
“High - Speed Motion Pictures in 
Textile Research,” D. K. Fisher and 
J. C. Burnett, Textile Research J., 20: 
259-269, Apr. 1950. 

“High-Speed Camera Registers Physi- 


56. 


57. 


58. 


59. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


cal Reaction of Iron Making,” 
Steel, 126: 119, Mar. 1950. 
“High-Speed Photography in Paper 
Mill Maintenance,” W. H. Nie- 
meyer, Paper Trade J., 131: 22, July 
1950. 

“High - Speed Motion Pictures De- 
tect Defects in Design,” L. G. Waller, 
Machine Design, 22: 143-5, Dec. 
1950. 

“Four Cameras for Research in the 
Aeronautical Field,” Jean St. Thomas, 
Phot. Eng., 1: 76-93, July 1950. 

“A Technique for Taking Motion 
Pictures of Electron Microscope 
Images,” L. E. Preuss and J. H. L. 
Watson, J. Appl. Phys., 27: 902-3, 
Sept. 1950. 


. “Motion Picture Studies of Electron 


Bombardment of Colloidal Crystals,” 
J. H. L. Watson and L. E. Preuss, 
J. Appl. Phys., 21: 904-7, Sept. 1950. 
“A Dust Electricity Analyzer,” W. B. 
Kunkel and J. W. Hansen, Rev. Sci. 
Instr., 27: 308-14, Apr. 1950. 

“The Static Electrification of Dust 
Particles on Dispersion into a Cloud,” 
W. B. Kunkel, J, Appl. Phys., 21: 
820-32, Aug. 1950. 

“Charge Distribution in Coarse Aero- 
sols as a Function of Time,’ W. B. 
Kunkel, J. Appl. Phys., 21: 833-37, 
Aug. 1950. 

“Preliminary Report on High Alti- 
tude Photography,’* C. T. Holliday, 
Phot. Eng., 1: 16, Jan. 1950. 
“Photographic Determination of the 
Orientation of a Rocket,’ L. W. 
Fraser and R. S. Ostrander, Phot. 


Eng., 1: 105, Oct. 1950. 
“The Propagation of Flames in 
Tubes,” P. J. Wheatley, Fuel, 29: 


80-3, Apr. 1950. 

“The Field of Flow Near a Free- 
Burning Carbon Arc,’’ W. Hagenah, 
X. Physik, 128 (No. 2): 279-88, 1950. 
“Method Analysis by Motion Pic- 
tures,” W. A. Vogler and T. R. 
DuBois, Advanced Management, 15° 
5-7, Apr. 1950. 

‘‘New Pace Scale Aids Time Studies: 
Film Record of Known Levels of 
Performance,”’ R. N. Lehrer, Factory 
Management, 108: 86, Apr. 1950. 
*Time-Motion Improvements Come 
Faster with Films: Corn Plant 


November 1951 Journal of the SMPTE Vol. 57 


= 
= 
= 
= | 
= 
= 
46 
60 
| = 
48. 
= 
= 
50. | 
| 
| 
51 
= 
= 
q = 
= 


Huskers,” G. Nadler, Food Inds., 22: 
601-2, Apr. 1950. 


. “Polaroid-Land Camera Modified 


for Oscilloscope Recording to Produce 
Prints One Minute After Exposure,” 
E. Blutman, Tele-Tech, 9: 72, Apr. 
1950. 


. “Techniques of Photo-Recording,”’ 


73. 


74. 


73% 


H. P. Mansberg, A. B. DuMont 
Oscillographer, 12: 3-16, No. 2, Apr.- 
June 1950. 

“Photographing Test Patterns,’ L. 
E. Garner, Jr., Electronics, 23: 138, 
Feb. 1950. 

“Improved Cathode Ray Photo- 
graphs,” N. Fulmer, Electronics, 23: 
86-7, Mar. 1950. 

“Single Pulse Recording of Radar 
Displays—Photographic,” L. C. 
Mansur, Tele-Tech, 9: 30-3, Jan. 
1950. 


. “Motion Picture Color Photography 


of Color Television Images,” W. R. 
Fraser and G. J. Badgley, Jour. 
SMPTE, 54: 735, June 1950. 


. ‘Radar Measurements of the Initial 


79. 


80. 


Growth of Thunderstorm Precipita- 
tion Cells,” G. R. Hilst and G. P. 
MacDowell, Bull. Am. Meteorological 
Soc. 31: 95-9, Mar. 1950. 


. “A Photographic Method for Dis- 


placement/Time Recording,” F. M. 
Bruce, Brit. J. Appl. Phys., 1: 291-3, 
Nov. 1950. 

“Streak Photography,” I. Vign ss 
and R. C. Nowak, J. Appl. Phys., 21: 
445-8, May 1950. 

“High Efficiency Apparatus for 
Lightning Chronophotography,” D. 
J. Malan, Rev. d’optique, (théor.- 
instrum.), 29: 513-23, Oct. 1950. 


. “Full Application of Motion Study,” 


A. G. Shaw, Engineer, 189: 388-9, 
Mar, 1950. 


. “Mechanism of Detonation,” H. H. 


M. Pike, Nature, 165: 214-16, Feb. 
1950. 


. “The State of a Detonating Explosive 


and the Velocity of the Ejected 
Gases,” C. H. Johansson, Arkiv 
Fysik 1, Paper 29: 563-7, 1950. 


. “A Discussion on Detonation: Some 


Characteristics of Detonation,’ W. 
M. Evans, Proc. Roy. Soc., London, 
A204: 12-17, Nov. 1950. 


. “A Discussion on Detonation: Pres- 


Kenneth Shaftan: Photographic Instrumentation in 1950 


sure Measurements in Detonating 
Gases,” R. M. Davies, J. D. Owen 
and D. H. Edwards, D. E. Thomas, 
Proc. Roy. Soc., London, A204: 17-19, 
Nov. 1950. 


. “A Discussion on Detonation: Two 


New Streak Cameras,” C, A. Adams, 
Proc. Roy. Soc., London, A204: 19-20, 
Nov. 1950. 


. “A Discussion on Detonation: A 


98. 


99. 


. “The Ex 


. “The 


. “Electrically 
. “Synchronous Camera,” 


. “A Semi-Automatic 


New Photographic Method for Study- 
ing Fast Transient Phenomena,” 
J. S. Courtney-Pratt, Proc. Roy. Soc., 
London, A204: 27-29, Nov. 1950. 
“Voltage Gradients in Long Gaseous 
Spark Channels,” J. B. Higham and 
J. M. Meek, Proc. Phys. Soc., London, 
63B: 633-48, Sept. 1950. 

pansion of Gaseous Spark 
Channels,” J. B. Higham and J. M. 
Meek, Proc. Phys. Soc., London, 63B: 
649-61, Sept. 1950. 


. “Photographing Sound Waves,” W. 


E. Kock and W. K. Harvey, Bell 
Lab. Record, 28: 304-6, July 1950. 


. “Bell Laboratories Photographs the 


Patterns of Sound Waves,” Elec. 
Eng., 69: 766, Aug. 1950. 

*“‘A New Automatic 35-mm Camera,” 
Functional Phot., 1: 4, Mar. 1950. 
Streamlines Swiss ‘Euram’ 
Camera,” A. Gazda, PSA Journal, 
16B: 88, Nov. 1950. 


. “Data Recording Camera,” Rev. Sci. 


Instr., 21: 1030, Dec. 1950. 
Controlled Camera,” 
Rev. Sci. Instr., 27: 820, Sept. 1950. 
Instr., 21: 268, Mar. 1950. 


. “Airborne Synchronized Motion Pic- 


ture Camera Recording System,” V. 
J. White and S. J. Horwitz, Elec. 
Eng., 69: 324-7, Apr. 1950. 
“Infrared Photography with Electric- 
Flash,” F. E. Barstow, Jour. SMPTE, 
55: 485-95, Nov. 1950. 

‘A Reprojection Method for Studying 
Cloudchamber Photographs,” D. A. 
Bromley, and R. D. Bradfield, Rev. Sci. 
Instr., 27: 190 (Lab. Note), Feb. 1950. 
Device for 
Analyzing Events in Nuclear Emul- 
sions,’ M. Blau, R. Rudin and S. 
Lindenbaum, Reo. Sci. Instr., 27: 978, 
Dec. 1950. 


101. “Remote Control Projector for the 


481 


88. 
89 
q 
92. 
i 
a 95 
97 
83 
100 


= 
4 
q 


Examination of Experimental Rec- 
ords on 35-mm Film,” E. L. R. 
Webb, Can. J. Research, 28f: 315-23, 
Aug. 1950. 


. “A Description of an Automatic Data- 


Analyzing Machine,” B. S. Benson, 
Mech. Eng., 72: 285-288, Apr. 1950. 


. “Thinking of Microfilm?” R. R. 


Shaw, Phot. Eng., 1: 37, Apr. 1950. 


. “Pressurized Ballistic Range at the 


NOL,” L. P. Gieseler, Jour. SMPTE, 
55: 53, July 1950. 


. “Instrumentation for Exterior Ballis- 


tic Research in Rocketry,” L. M. 
Biberman, Instruments, 23: 184-6, 
Feb. 1950. 


. “Hypersonic Research Facilities at 


the Ames Laboratory,” V. I. Stevens, 
J. Appl. Phys., 21: 1150-55, Nov. 1950. 


. “Shadowgrams of Spherical Missiles 


Entering Water at Supersonic 
Speeds,” J. H. McMillen, R. L. 
Kramer and D. E. Almand, J. Appi. 
Phys., 21: 1341-2 (Letter to Ed.), 
Dec. 1950. 


. “Measurement of Normal Burning 


Velocities of Propane-Air Flames from 
Shadow Photographs,” J. W. Ander- 
sen and R. S. Fein, J. Chem. Phys. 
18: 441-3, Apr. 1950. 


. “Improved Schlieren Apparatus Em- 


ploying Multiple Slit-Gratings,” T. 
A. Mortensen, Rev. Sci. Instr., 21: 
3-6, Jan. 1950. 


. “Sharp Focusing Schlieren System,” 


W. S. Miller, Jr., A. Kantrowitz and 
R. L. Trimpi, J. Aeronaut. Sci., 17: 
311-14, May 1950. 


. “Studies With an Aerodynamically 


Instrumented Shock Tube,” A. Hertz- 
berg and A. Kantrowitz, J. Appl. 
Phys., 21: 874-878, Sept. 1950. 


. “Optical Bench for Investigations in 


114. 


the Supersonic Flow at Bellevue,” 
E. Brun, H. Gondet and M. Plan, 
J. Rech. Cent. Nat. Rech. Sci., 11: 
107-11, 1950. 


. “Results of Recent Hypersonic and 


Unsteady Flow Research at the 
Langley Aeronautical Laboratory,” 
J. V. Becker, J. Appl. Phys., 21: 619, 
July 1950. 

“Preliminary Investigation of the 
Use of Afterglow for Visualizing Low 
Density Compressible Flows,” T. W. 


Williams and J. M. Benson, NACA 
RM 19A24a, Feb. 15, 1949. 


. “Reactions Between Nitrogen Dioxide 


and Formaldehyde. III. The De- 
termination of Flame Speeds,” F. H. 
Polinard and R. M. H. Wyatt, Trans. 
Faraday Soc., 46: 281-9, Apr. 1950. 


. “The Temperature Field of a Free- 


Burning Carbon Arc,” J. Sperling, 
&. Physik, 128 (No. 2): 269-78, 1950. 


. “Experimental and Theoretical In- 


vestigation of the Formation of 
Images of Non-Absorbing Objects,” 
H. Wolter, Ann. Physik, Leipzig, 7 
Nos. 1-2: 33-53, 1950. 


. “The Image of Cylindrical Phase 


Objects of Elliptical Cross-Section,” 
H. Wolter, Ann. Physik, Leipzig, 7, 
Nos. 3-4: 147-56, Apr. 1950. 


. “Improvements to the Image in a 


Schlieren System by Means of the 
Minimum Light Condition,” H. 
Wolter, Ann. Physik, Leipzig, 7, Nos. 
3-4: 182-192, Apr. 1950. 


. “Two-Dimensional Color Schlieren 


Apparatus,’ H. Wolter, Ann. Physik, 
Leipzig, 8, Nos. 1-2: 1-10, July 1950. 


. “A Colour-Schlieren Apparatus,” D. 


W. Holder and R. J. North, Report of 
National Physical Laboratory, Ted- 
dington, England, Report 12,856, F.M. 
1405. 


. “A Quantitative Schlieren Apparatus 


without Photometry,” J. Euler and 
W. Huppner, Optik, 6, No. 6: 332-6, 
1950. 


. “Multiple Beam Interferometry,” S. 


Tolansky, Endeavour, 9: 196-202, Oct. 
1950. 


. “The Thickness Measurement of 


Thin Films by Multiple Beam Inter- 
ferometry,’ G. D. Scott, T. A. 
McLauchlan and R. S. Sennett, J. 
Appl. Phys., 21: 843-6, Sept. 1950. 


. “Accurate Thickness Measurements 


with a Fabry-Perot Interferometer,” 
L. G. Schulz, J. Opt. Soc. Am., 40: 
177 (Letter to Ed.), Mar. 1950. 


. “The Spatial Photographic Recording 


of Fine Interference Phenomena,” 
R. N. Wolf and F. C. Eisen, J. Opt. 
Soc. Am., 40: 143-6, Mar. 1950. 


. “An Interferometric Method for 


Accurate Thickness Measurements of 
Thin Evaporated Films,” L. G. 
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Schulz, J. Opt. Soc. Am., 40: 690, Oct. 
1950. 


. “A Diffraction Grating Interferom- 


eter,” R. Kraushaar, J. Opt. Soc. 
Am., 40: 480 (Letter to Ed.), July 
1950. 


. “Determination of Residual Stresses 


of Quenching Origin in Solid and 
Concentric Hollow Cylinders from 
Interferometric Observations,”’ A. W. 
Saenz, J. Appl. Phys., 27: 962-5, Oct. 
1950. 


. “A Simple Interferometric Test for 


Conical Flow,” J. H. Giese, F. D. 
Bennett and V. E. Bergdolt, J. Appl. 
Phys., 21: 1226-31, Dec. 1950. 


. “Gibbs Photodont,” Jour. SMPTE, 


54: 765, June 1950. 


. “Simplified Body Cavity Camera,” 


A. P. Neyhart, Jour. SMPTE, 54: 
747-53, June 1950. 


. “A Semi-Automatic Aseptic Surgical 


Camera,” L. A. Julin, J. Biol. Phot. 
Assoc., 18: 163, Nov. 1950. 


. “Kamm Stand for Medical Photog- 


raphy,” P. Hansell, J. Biol. Phot. 
Assoc., 18, No. 1: 6, Feb. 1950. 


. “Photogrammetric Techniques as Ap- 


plied to Medical Photography,” E. A. 
Miskin, Brit. J. Phot., 97: 551-3, Oct. 
1950. 


. “Clinical Aspects of Infrared Photog- 


raphy,” K. Bowes, Phot. J., 90B: 
63, May-June 1950. 


. “Microscope Optics,’ L. V. Foster, 


J. Opt. Soc. Am., 40: 269, May 1950. 


. “Versatile Photo-Micrographic Ap- 


paratus,” Rev. Sci. Instr., 27: 676, 
July 1950. 


. “Metallograph,” Rev. Sci. Instr., 27: 


1030, Dec. 1950. 


. “Microscope Imagery and Interpre- 


tations,” H. Osterberg, J. Opt. Soc. 
Am., 40: 295-303, May 1950. 


. “Photomicrography with the Con- 


centrated-Arc Lamp,” Julius Weber, 
J. Biol. Phot. Assoc., 18: 127, Aug. 
1950. 


. “Preparation of Micrographs of 


Metals and Alloys; Data Sheets,” 
Foundry, 77: 115-116, Nov. 1949; 
133-4, Dec. 1949; 125-6, Jan. 1950; 
195-6, Feb. 1950. 


. “Dental Microscopy and its Photog- 


raphy,” E. R. Brain, Phot. J., 90B: 
122, Sept.—Oct. 1950. 


. “On the Crazing of Linear High 


Polymers,” C. C. Hsiao and J. A. 
Sauer, J. Appl. Phys., 27: 1071-1083, 
Nov. 1950. 


. “Microscopic Observations of the 


Solidification of Small Metal Drop- 
lets,’ D. Turnbull and R. E. Cech, 
J. Appl. Phys., 21: 804-10, Aug. 1950. 


. “A High-Low Temperature Micro- 


scope Stage,” R. E. Cech, Rev. Sci. 
Instr., 21: 747-9, Aug. 1950. 


. “Surface Tension Effects in Oriented 


Thin Silver Films,” G. W. Johnson, 
J. Appl. Phys., 21: 449-53, May 1950. 


. “Photomicrography with the Phase 


Microscope,” O. W. Richards, PSA 
Journal, 16B: 94, Nov. 1950. 


. “Phase Contrast Microscopy for 


Opaque Specimens,” J. R. Benford 
and R. L. Seidenberg, J. Opt. Soc. 
Am., 40: 314, May 1950. 


. “Color Phase-Contrast Microscopy: 


Requirements and Applications,” C. 
P. Saylor, A. T. Brice and F. Zernike, 
J. Opt. Soc. Am., 40: 329, May 1950. 


. “A Phase Contrast Apparatus, Inde- 


pendent of the Microscope, Using a 
Phase Plate of Variable Absorption,” 
M. Francon and G. Nomarski, 
Compt. rend. acad. sci., Paris, 230: 
1050-1, Mar. 1950. 


. “Phase Plate with Variable Contrast 


by Reflection,” M. Francon and G. 
Nomarski, Compt. rend. acad. 
Paris, 230: 1392-4, Apr. 1950. 


. “A New Series of Microscope Objec- 


tives. III. Ultra-Violet Objectives 
of Intermediate Numerical Aperture,” 
D. S. Grey, J. Opt. Soc. Am., 40: 283, 
May 1950. 


. “Dr. E. H. Land’s Colour Translating 


Microscope,” W. F. Berg, Phot. J., 
90B: 98, July-Aug. 1950. 


. “Reflecting Microscope,”’ R. C. Mel- 


lors, Science, 172: 381-9, Oct. 1950. 


“An Apparatus for Ultra-Violet 


Microscopy of Living Cells,” H. G. 
Davies and P. M. B. Walker, Phot. J., 
90B: 92, July-Aug. 1950. 


- “Ultra-Violet Microscopy of Tumour 


and Virus of Rouse Fowl Sarcoma,” 
E. M. F. Roe and R. G. King, Phot. 
J., 9OB: 94, July—Aug. 1950. 


- “Ultra-Violet Photography of Hot 


Metal Surfaces,” G. A. Jones, Phot. 
J., 90B: 99, July—-Aug. 1950. 
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160. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 


171. 


172. 


. “The Philips 100 k.v. Electron Micro- 


scope,” A. C, VanDorsten, H. Nieuw- 
and A. Verhoeff, Philips Tech. 
Rev., 12: 33-50, Aug. 1950. 
“Electron Microscope,” Rev. Sci 
Instr., 21: 576, June 1950. 
“A Small Electron Microscope,” J. 
A. Reisener and E. G. Darnfeld, J. 
Appl. Phys., 21: 1131-39, Nov. 1950. 
“Three-Stage Electron Microscope 
with Stereographic Dark Field, and 
Electron Diffraction Capabilities,” 
M. E. Haine, R. S. Page and R. G. 
Garfitt, J. Appl. Phys., 21: 173-182, 
Feb. 1950. 
“Rendering Visible Single Atoms 
and Molecules in the Field Electron 
Microscope,” E. W. Muller, 2. 
Naturforsch., 5a: 473-9, Sept. 1950. 
“Electrons vs. Photons—A Com- 
parison of Microscopes,’ L. Marton, 
J. Opt. Soc. Am., 40: 269, May 1950. 
“Laboratory Modifications in the 
RCA Model EMC Electron Micro- 
scope,” S. G. Ellis, Rev. Sci. Instr., 
27: 255, Mar. 1950. 
“Molecular Diffraction Attachment 
for the RCA Microscope,” B. O. 
Heston and P. R. Cutter, Rev. Sci. 
Instr., 27: 608, July 1950. 
“Modification of Electron Microscope 
for Electron Optical Shadow 
Method,” J. A. Simpson and A. 
Van Bronkhorst, Rev. Sci. Instr., 21: 
669, July 1950. 
“Lapping Technique: To Improve 
the Image Quality of Electron 
Microscope Lenses,” F. A. Hamm, 
J. Appl. Phys., 21: 278-83, Apr. 1950. 
“Vibration Studies; Related to Elec- 
tron Microscopy,” F. A. Hamm and 
F. C. Snowden, Rev. Sci. Instr., 21: 
426, May 1950. 
“Removable Intermediate Lens for 
Extending the Magnification Range 
of an Electron Microscope,” J. 
Hillier, J. Appl. Phys., 21: 785-90, 
Aug. 1950. 
“Electron-Microradiography of Elec- 
tro Deposited Metals,” R. Weil and 
H. J. Read, J. Appl. Phys., 21: 1068 
(Letter to Ed.), Oct. 1950. 
“Aluminum Oxide Replicas for Elec- 
tron Microscopy Produced by a Two 
Step Process,” G. Hass and M. E. 


173. 


174. 


175. 


176. 


178. 


McFarland, J. Appl. Phys., 21: 
435-6, May 1950. 

“Improved Ultra-Thin Sectioning of 
Tissue for Electron Microscopy,” J. 
Hillier and M. E. Gettner, J. Appl. 
Phys., 27: 889-95, Sept. 1950. 
“Metallic Evaporation and the Diam- 
eter of Tobacco Mosaic Virus with 
the Electron Microscope,” H. Kahler 
and B. J. Lloyd, Jr., J. Appl. Phys., 
21: 699-704, July 1950. 

“The Apparent Size of Objects as 
Observed in the Electron Micro- 
scope,” S. F. Kern ana R. A. Kern, 
J. Appl. Phys., 21: 705-7, July 1950. 
“Comments on the Use of Latex 
Spheres as Size Standards in Electron 
Microscopy,” C. H. Gerould, J.~ 
Appl. Phys., 21: 183-4 (Letter to Ed.), 
Feb. 1950. 

“Use of Spraying Methods and of 
Volatile Suspending Media in the 
Preparation of Specimens for Elec- 
tron Microscopy,” R. C. Backus and 
R. C. Williaras, J. Appl. Phys., 21: 
11 (f.), Jan. 1950. 

“Electron Microscopy of Wet Bio- 
logical Tissues by Replica Tech- 


. niques,” I. W. Fischbein, J. Appl. 


179. 


180. 


181. 
182. 


183. 


184. 


185. 


186. 
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Phys., 21: 1199-1214, Dec. 1950. 
“Use of Critical Point Phenomena in 
Preparing Specimens for the Electron 
Microscope,” T. F. Anderson, J. 
Appl. Phys., 21: 724 (Letter to Ed.), 
July 1950. 

“Low Temperature Replica Method 
for Electron Microscopy,” C. E. 
Hall, J. Appl. Phys., 27: 61 (Letter to 
Ed.), Jan. 1950. 

**X-Ray Microscope,” Instruments, 23: 
840, Aug. 1950. 

“Resolving Power of an X-Ray 
Microscope,” E. Prince, J. Appl. 
Phys., 21: 698, July 1950. 

“An Approach to X-Ray Micros- 
copy,” P. Kirkpatrick, Nature, 166: 
251-3, August 12, 1950. 
““Wave-Lengths Suitable for X-Ray 
Microscopy of Biological Specimens,” 
J. L. Farrant, J. Appl. Phys., 21: 
63 (Letter to Ed.), Jan. 1950. 
“Exposure Meter for Photomicrog- 
raphy,” Electronics, 23: 123, Jan. 
1950. 

‘““Generalized Microscopy and the 
Two Wave Length Microscope,” M. 
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187. 


188. 


189. 


190. 


191. 


192. 


193. 


194. 


195. 


196. 


197. 


198. 


199. 


200. 


201. 


J. Buerger, J. Appl. Phys., 21: 909- 
917, Sept. 1950. 

“The Photography of Atoms in Crys- 
tals,” M. J. Buerger, Proc. Nat. Acad. 
Sci., Wash., 36: 330-5, May 1950. 
“An Observation Chamber for Ultra- 
microscopic Investigations on Aero- 
sois,”’ O. E. Schweckendiek, Z. 
Naturforsch., 5a: 153-6, Mar. 1950. 
““Microspectroscopy,” J. R. Loof- 
bourow, J. Opt. Soc. Am., 40: 317-25, 
May 1950. 

“Infra-Red Microspectroscopy,” E. 
R. Blout, G. R. Bird and D. S. Grey, 
J. Opt. Soc. Am., 40: 304-13, May 
1950. 

“Recent Developments in Medical 
Photography and Radiography,” W. 
Watson, Phot. J., 90B: 72, May- 
June 1950. 

“A New X-Ray Camera,” S. W. 
Bowler, Brit. J. Phot., 97: 364-5, 
July 1950. 

“New Trends in Radiographic 
Screening Techniques Utilizing 
Schmidt Optical Systems and High- 
Speed Development,’ R. H. Morgan, 
Radiology, 55: 97-100, July 1950. 
“The Intensification of the Fluo- 
rescent Image in Radiology,” F. I. G. 
Rawlins, Brit. J. Radiology, 28: 460-4, 
Aug. 1950. 

“Amplifying and Intensifying the 
Fluoroscopic Image by Means of a 
Scanning X-Ray Tube,” R. J. 
Moon, Science, 112: 389-95, Oct. 1950. 
“Speed and Contrast in Radiog- 
raphy,” H. S. Tasker, Phot. J., 90B: 
9-21, Jan.—Feb. 1950. 

“X-Ray vs. Light,” H. S. Tasker, 
Phot. J., 90B: 58, May-June 1950. 
“Megavolt Radiography,” R. 
Meakin, Phot. J., 90B: 100, July- 
Aug. 1950. 

“The Calculation of Vowel Res- 
onances and an Electrical Vocal 
Tract,” H. K. Dunn, J. Acoust. Soc. 
Am., 22: 740-53, Nov. 1950. 
“‘Kineradiography,” J. A. Campbell, 
Radiology, 54: 559, Apr. 1950. 
“Use of the Cine Fluorographic 
Method for Tracking Purposes,” L. 
Reynolds, K. E. Corrigan and H. S. 
Haden, Am. J. Roentgenol., 63: 902-14, 
June 1950. 
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203. 


204. 


205. 


211. 


212. 


213. 


214. 


215. 


216. 


217. 


“‘Kineradiography,” R. J. Reynolds, 
Phot. J., 9OB: 99, July—Aug. 1950. 
“‘Angiocardio Cinematography,” R. 
Janker, Am. J. Roentgenol., 64: 904, 
Nov. 1950. 

“High Voltage Equipment for Cine- 
radiography,” Engineer, 190: 186-7, 
Aug. 1950. 

“‘New Cineradiographic Apparatus,” 
Elec. Eng., 22: 369-70, Sept. 1950. 


. “Clinical Cine-Fluorography,” R. F. 


Rushmer, R. S. Bark and J. A. 
Hendron, Radiology, 55: 588-92, Oct. 
1950. 


. “Electronically Controlled Cineradio- 


graphic Apparatus,’ V. Quittner, 
Elec. Eng., 22: 363-8, Sept. 1950. 


. “Flash Radiography,” G. C. Pollitt, 


Phot. J., 90B: 104, July-Aug. 1950. 


. “Recent Progress in Flash Radiog- 


raphy,” J. C. Clark, Papers on Radiog- 
raphy, ASTM 1950. 


. “On the Working Process of Impulse 


X-Ray Tubes,” E. Funfer, 2. angew. 
Phys., 2, No. 1: 25-33, 1950. 

“A Million-Volt Resonant Cavity 
X-Ray Tube,” B. Y. Mills, Proc. 
Inst. Elec. Eng., Pt. II, 97: 425-37, 
Nov. 1950. 

“The Equation of State of Water at 
High Pressures, from X-Ray Flash 
Photographs of Intense Shock 
Waves,” R. Schall, Z. angew. Phys., 
2, No. 6: 252-4, 1950. 

“Use of Radioactive Isotopes in 
Industrial Radiography,” G. H. 
Tenney, Non-Destructive Testing, 8: 
6-8, Autumn 1950. 

“Image Formation by Means of X- 
Rays,” Y. Cauchois, Rev. d’ optique, 
theor.-instr., 29: 151-63, Mar. 1950. 
“Chemical Analysis by Means of 
X-Rays.. IV. A Quantitative Ana- 
lytical Method Using a Standard 
Density,” L. R. Alvarez, An. Real 
Soc. Esp. Fis. y Quin., 46A: 77-82, 
Mar.—Apr. 1950. 

“X-Ray Tube Producing a Beam of 
X-Rays Convergent to a Point,” C. 
H. Bachman and §S. J. Silverman, J. 
Appl. Phys., 21: 615 (Letters to Ed.), 
June 1950. 

“Light Energy and Spectral Distri- 
bution for Some Important X-Ray 
Screens,” H. Skoldborn, J. Appl. 
Phys., 21: 546-52, June 1950. 
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218. 
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227. 


228. 


229. 


230. 
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232. 


233. 


234. 


235. 
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“Quantum Efficiency Photo- 
graphic X-Ray Exposures,” D. Brom- 
ley and R. H. Herz, Proc. Phys. Soc., 
London, B, 63: 90-106, Feb. 1950. 
“Photography Under the Sea,” W. 
D. Chesterman, Functional Photog- 
raphy, 1: 5-8, May. 1950. 
“Underwater Photography,” P. Bu- 
cher, Photo-France, 1: 6-10, Aug. 1950. 
“Experimental Underwater Camera 
and Illuminator,” M. S. Jenner, 
Phot. Eng., 1: 139, Oct. 1950. 
“Photography and Deep Water,” B. 
Ulrich, Foto-Kino-Technik, 4: 187, 
June 1950. 

“Some Aspects of Deep Sea Under- 
water Photography,” J. Hahn, PSA 
Journal, 16B: 27, June 1950. 
“Underwater Photography,” J. B. 
Collins, Phot. J., 90B: 24, Jan.—Feb. 
1950. 

“U. S. Naval Underwater Cinematog- 
raphy Techniques,” R. R. Conger, 
Jour. SMPTE, 55: 627-34, Dec. 1950. 
Photo Developments, 29: 40, June 1950. 
“Photo Materials for Use in the 
Ultra-Violet,” R. D. B. Fraser, J. 
Sci. Instr., 27: 106-7, Apr. 1950. 
“Photographing Spectra the 
Vacuum UV,” A. L. Schoen, E. S. 
Hodge, J. Opt. Soc. Am., 40: 23-8, 
Jan. 1950. 

**Polaroid-Land Film,” E. H. Land, 
Phot. J., 90: 7, 1950. 

Rev. Sci. Instr., 21: 506, May 1950. 
“A New Photographic Material—A 
High Resolution Emulsion for Auto- 
radiography,” R. W. Berriman, R. 
H. Herz and G. W. W. Stevens, 
Brit. J. Radiology, 23: 472-7, Aug. 
1950. 

“Continuous Method of Preparation 
of Photographic Emulsions Specially 
Sensitive to Ionizing Particles,” P. 
Demers, Compt. rend. acad. sci., Paris, 
231: 616-617, Sept. 1950. 

“Spectral Sensitivity of Two Com- 
mercial X-Ray Films between 0.2 and 
2.5 Angstroms,” H. E. Seemann, 
Rev. Sci. Instr., 27: 314, Apr. 1950. 
‘‘Latensification Studies with Ozone,” 
W. Vanselow, E. K. Colton and E. J. 
Wiegand, PSA Journal, 16B: 97, Nov. 
1950. 

‘Gold Sensitization of X-Ray Films,” 
H. Hoerlin, and F. W. H. Mueller, J. 


236. 


237. 


238. 


239. 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


Opt. Soc. Am., 41; 246-51, Apr. 1950. 
“Some Methods of Treating an 
Under-Exposed Negative,” H. Hart- 
ridge, Phot. J., 90B: 41, Mar.—Apr. 
1950. 

“Combined Effect of Infrared Radia- 
tion and Intensification Upon the 
Photographic Latent Image,” L. 
Fortmiller, T. H. James, R. F. 
Quirk and W. Vanselow, J. Opt. 
Soc. Am., 40: 487-96, Aug. 1950. 
*6-Nitrobenzimidazole and Benza- 
triazole as Antifoggants,” J. A. 
Schantz, Phot. Eng., 7: 63, Apr. 1950. 
“Ion Exchange and the Reclamation 
of Photographic Wash Water,” S. 
Levinos, Phot. Eng., 7: 69, July 1950. 
“Double Development of Nuclear 
Emulsions,” C. Jech, Phys. Rev., 80: 
759-60, Nov. 1950. 

“Temperature Coefficient of Swelling 
and Development in Thick Emulsions 
for Nuclear Research,’ G. W. W. 
Stevens, Phot. J., 90B: 129, Sept.— 
Oct. 1950. 

“Photographic Reciprocity Law Fail- 
ure and Related Effects; the Low 
Intensity Failure,” E. Katz, J. Chem. 
Phys., 17: 1132-41, Nov. 1949. 
“Photographic Reciprocity Law Fail- 
ure and Related Effects: the Low 
Intensity Sequence Effect,” E. Katz, 
J. Chem. Phys., 18: 499-506, Apr. 
1950. 

“Low Intensity Reciprocity Law 
Failure in Photographic Exposure: 
Energy Depth of Electron Traps in 
Latent-Image Formation; Number 
of Quanta Required to Form the 
Stable Sublatent Image,” J. H. 
Webb, J. Opt. Soc. Am., 40: 3-13, 
Jan. 1950. 

Intensity Reciprocity-Law Fail- 
ure in Photo Exposure: II. Multiple- 
Quantum Hits in a Critical Time 
Period,” J. H. Webb, J. Opt. Soc. 
Am., 40: 197-202, Apr. 1950. 

“A New Reciprocity Failure in 
Photographic Exposure at High In- 
tensity,” G. G. Milne, paper pre- 
sented at Optical Society Meeting, 
Cleveland, Ohio, Oct. 1950. 

“The Metal-Diazonium Process,’”’ C. 
J. Dippel, Phot. J., 9OB: 34, Mar.— 
Apr. 1950. 

‘‘Metal Diazonium System for Photo 
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Reproductions,” R. J. H. Alink, 
C. J. Dippel and K. J. Keuning, 
Jour. SMPTE, 54: 345-66, Mar. 1950. 
. “Xerography,” Phot. J., 90B: 66, 
May-June 1950. 

. “Xeroradiography—A Basic De- 
velopment in X-Ray Non-Destructive 
Testing,” R. C. McMaster and R. 
M. Schaffert, Non-Destructive Testing, 
Summer 1950. 

. “A Survey of Photographic Processes 
and Materials,” E. K. Kaprelian, 
Phot. Eng., 1: 42, Apr. 1950. 

. “A Self-Processing Camera for the 
Rapid Production of Photographic 
Negatives,” E. W. Jackson, Brit. J. 
Phot., 97: 55, Feb. 1950. 

- “A Small Continuous Processing 
Machine for Experimental Work,” 
G. I. P. Levensen, J. Brit. Kinemat. 
Soc., 16: 2-8, Jan. 1950. 

. “Machine for Rapidly Processing 
Photographic Trace Recordings,” G. 
I. P. Levensen, J. Sci. Instr., 27: 
170-1, June 1950. 

. “A 16-mm Rapid Film Processor,” 
J. S. Hall, A. Mayer and G. Maslach, 
Jour. SMPTE, 55: 27-36, July 1950. 
. “Simplification of Motion Picture 
Processing Methods,” C. E. Ives and 
C. J. Kunz, Jour. SMPTE, 55: 3, 
July 1950. 

. “High-Speed Processing of 35-mm 
Motion Pictures,’ C. M. Tuttle and 
F. M. Brown, Jour. SMPTE, 54: 149, 
Feb. 1950. 

. “Stabilization Processing,’ H. D. 
Russell, E. C. Yackel and S. S. Bruce, 
PSA Journal, 16B: 59, Aug. 1950. 

. “Rapid Drying of Photographic Ma- 
terial,” I. Davies and A. K. Soper, 
Brit. J. Phot., 97: 268, May 1950. 

. “The Variable Focus Pan-Cinor 
Objective and its Applications,” R. 
Cuvillier, Science et inds. phot., 21 
324, Sept. 1950. 

. “Wide Angle Underwater Lens,” 
E. M. Thorndike, J. Opt. Soc. Am., 
40: 823-4, Dec. 1950. 

. “Description of Wide Angle Schmidt 
Optical Systems,” E. M. Wormser, 
J. Opt. Soc. Am., 40: 412-15, July 
1950. 

. “The Progress of Wide Aperture 
Photographic Objectives,” B. Seegert, 
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. “The 


X. wiss. Phot., 45, Nos. 4-6: 95-118, 
1950. 


. “Catadioptric Objectives,” M. Paul, 


Science et inds. phot., 27: 81, Mar. 1950. 
Tachonar, F/1 Objective,” 
Foto-Kino- Technik, 4: 223, July 1950. 


. “The Construction of Interference 


Filters for the Transmission of Light 
of Specified Wavelengths,” K. M. 
Greenland and C. Billington, Proc. 
Phys. Soc., London, B, 63: 359-63, 
May 1950. 

“Calculation of Interference Filters,” 
J. Roig, C. Descamps, Compt. rend. 
acad. sci., Paris, 230: 827-9, Feb. 1950. 


. “Interference Mirrors for Arc Pro- 


jector,”’ G. J. Koch, Jour. SMPTE, 55: 
439, Oct. 1950. 


. “Electrical Color Filters,’ V. A. 


Babits, Jr. and H. F. Hicks, Jr., 
Electronics, 23: 112-15, Nov. 1950. 
“A High-Intensity, Short-Duration 
Spark Light Source,” J. A. Fitz- 
patrick, J. C. Hubbard and W. J. 
Thaler, J. Appl. Phys., 27: 1269-71, 
Dec. 1950. 


. “The Light Emission from High- 


Current Spark Discharges, I,” G. 
Glaser, Optik, 7, No. 7: 33-53, 1950. 


. “The Light Emission from High- 


Current Spark Discharges, II,” G. 
Glaser, Optik, 7, No. 2: 61-90, 1950. 


. “New Low-Voltage, Low-Power Flash 


Tube of High Efficiency,” E. B. 
Noel and P. B. Davis, PSA Journal, 
76B: 11, Jan. 1950. 


. “Stroboscope as a Light Source for 


Motion Pictures,’ R. S. Carlson and 
H. E. Edgerton, Jour. SMPTE, 55: 
88-100, July 1950. 


. “Electrical and Radiation Charac- 


teristics of Flash Lamps,” H. N. 
Olsen and W. S. Huxford, Jour. 
SMPTE, 55: 285, Sept. 1950. 


. “The Application of White Light 


Flash Tubes to Instantaneous Photo- 
micrography in Ordinary or Phase 
Contrast Microscopy,’ M. Laporte, 
Compt. rend. acad. sci., Paris, 230: 
1592-3, May 1950. 

‘Discharge Lamps for Projection and 
Cinematography,” M. Laporte, J. 
Phys., (8), 11: 4-5, Dec. 1950. 
“Intermittent Projection Light: A 
Possibility for the Future in Film 
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Projection,””» W. Hagemann, Bild und 
Ton, 3: 35-8, Feb. 1950. 
“Cine-Flash; A New Lighting Equip- 
ment for High-Speed Cinematog- 
raphy and Studio Effects,” H. K. 
Bourne and E. J. G. Beeson, Jour. 
SMPTE, 55: 229-312, Sept. 1950. 
“New Instrument Aids in Photog- 
raphy of Air Flow,” Gen. Elec. 
Rev., 53: 48-9, Oct. 1950. 

“A Study of the Short-Duration, 
High-Intensity Electric Arc as a 
Source of Visible Light,” G. D. Hoyt 
and W. W. McCormick, J. Opt. Soc 
Am., 40: 658, Oct. 1950. 
“Ultra-Violet Radiation of the High- 
Pressure Xenon Arc,’ W. A. Baum 
and L. Dunkelman, J. Opt. Soc. Am., 
40: 782, Nov. 1950. 

“Physical Principles, Design and 
Performance of the Ventarc High- 
Intensity Projection Lamps,” E. 
Gretener, Jour. SMPTE, 55: 391-413, 
Oct. 1950. 

“Power Supply for the Cenco Con- 
centrated-Arc Lamp,” J. M. Mitchell, 
Rev. Sci. Instr., 21: 497, May 1950. 
*‘Open-Air Concentrated Arc Lamp,” 
W. D. Buckingham, Jour. SMPTE, 54: 
567-84, May 1950. 

“A Continuously Sensitive Cloud 
Chamber,” T. S. Needels and C. E. 
Nielsen, Rev. Sci. Instr., 27: 976, Dec. 
1950. 

“Flight Records: A Technique for 
the Study of Bird Navigation,” D. 
H. Wilkinson, Nature, 165: 188, Feb. 
1950. 


290. 


291. 


292. 
293. 


294. 


295. 


296. 


297. 


298. 


299. 


. “A New Apparatus for Integral 


Panorama Photography,” G. Blet, 
Science et inds. phot., 27: 281, Aug. 1950. 


. “Automatic Exposure Control,” G. 


Bruck, J. Higgins and J. Ward, 
Electronics, 23: 74-8, May 1950. 
“Photographic Methods for Pro- 
ducing Reticles,” C. Leistner, Phot. 
Eng., 1: 7, Jan. 1950. 

“The Production of Optical Gratings 
by the Photographic Method,” K. 
Gundlach, J. Rzymkowski, Z. wiss. 
Phot., 45, Nos. 1-3: 8-31, 1950. 
“Color Densitometer,”? M. H. Sweet, 
Jour. SMPTE, 54: 35-62, Jan. 1950. 
Spectrosensitometer,”” C. A. Mor- 
rison, H. O. Hoadley, PSA Journal, 
16B: 64, Aug. 1950. 

“A Method of Making Magnetic 
Lines of Force Visible,’ F. Blaha, 
X. Naturforsch., 5a: 233-4, Apr. 1950. 
‘Method of Making Ultrasonic Waves 
Visible,’ H. Schreiber and W. 
Degner, Naturwissenschaften, 37, No. 
15: 358-9, 1950. 

“Tllumination of Phosphors by Ultra- 
sonic Waves,” A. Eckardt and O. 
Lindig, Ann. Physik, Leipzig, 7, Nos. 
7-8: 410-12, 1950. 
“Thermography,” F. Urbach, Phot. 
J., 9OB: 109-14, July-Aug. 1950. 
“An Apparatus for Time-Resolved 
Spectroscopy,” G. Gordon and W. M. 
Cady, J. Opt. Soc. Am., 40: 852, Dec. 
1950. 

“Use of image phototube as a oe 
speed camera shutter,” A. W. Hogan, 
Jour. SMPTE, vol. 56, pp. 635-641, 
June 1951. 
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Further Report on Screen Bright- 
ness Committee Theater Survey 


By W. W. LOZIER, Committee Chairman 


yee RESULTs of a survey by the Screen 
Brightness Committee in 125 indoor 
theaters and 18 West Coast studio 35- 
mm review rooms have recently been 
presented in this JouRNAL.'! These in- 
cluded data on theater seating capacity, 
screen width, screen brightness, side 
and corner distribution and screen 
reflectivity. 

The survey data included measure- 
ments of the incident illumination on 
the theater screen at the center, the two 
sides and at two diagonally opposite 
corners.?, These data make possible 
an analysis of evenness of balance of 
illumination on the screen. 


Side and Corner Unbalance on 
Individual Projectors 


Figures 1 and 2 show the range of 
side and corner unbalance observed 
with the 251 projectors in the indoor 
theaters and with the 36 projectors in 
the 18 West Coast review rooms. Side 
unbalance is defined as the difference 
between the two side readings of in- 


Presented on October 19, 1951, at the 
Society’s Convention at Hollywood, Calif., 
by W. W. Lozier, Committee Chairman, 
Carbon Products Service Dept., National 
Carbon Company, Division of Union 
Carbide and raw tad Corp., Fostoria, Ohio. 


tensity of illumination on the screen 
divided by their average, expressed as a 
percentage. The corner unbalance is 
similarly determined from the two 
corner readings for each projector. 
These unbalance values can also be 
expressed as the ratio of high to low 
value and this scale is shown at the 
tops of Figs. 1 and 2. These refer solely 
to the variations over the screen with 
individual projectors. 

Figure 1 shows that a little less than 
one-third of the theater projectors had 
a side unbalance of 10% or less. Another 
third had 10% to 30% unbalance. 
About 18% of the projectors had an 
unbalance greater than 40%, which 
means one side was 50% or more higher 
in intensity than the other. 

Figure 2 shows an even wider range 
of corner unbalance. One-quarter of 
the theater projectors had a 0 to 10% 
unbalance, over one-third had 10% to 
30% unbalance and almost one-fifth 
were over 40% out of balance. Ap- 
proximately 5% had over 70% corner 
unbalance, which means that one 
corner-intensity value was more than 
twice that of the other. 

The data on the review rooms are in 
striking contrast to the indoor theaters 
and show almost two-thirds of the 
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Fig. 1. Unbalance of intensity of illumination at sides of screen. Range obtained 
in the survey refers to side-to-side difference on the screen with the same projector. 
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Fig. 3. Difference between projectors in each theater in intensity of illumination 


at center of screen. 


projectors to have less than 10% side 
and corner unbalance. This better re- 
view-room performance will be evident 
in the further comparisons to be shown. 


Comparison Between Projectors in 
Each Theater 


The percentage difference in intensity 
of illumination at the center of the screen 
has been determined for the two pro- 
jectors in each theater. (The maximum 
difference was used in cases where 
there were more than two projectors in a 
single theater.) This, then, is a measure 
of the change in illumination at the 
center of the screen at the time of a 
change-over. The distribution of such 
center-of-screen differences for 122 
indoor theaters is given in Fig. 3. 

About 40% of the theaters had a 
difference of 0 to 10% in center-of-screen 
intensities for their projectors. A little 
over one-quarter of the theaters had a 
change of over 20%. More than three- 
quarters of the review rooms show less 
than 10% difference in intensity between 
projectors at the center of the screen. 


W. W. Lozier: Further Screen Brightness Theater Survey 


Range obtained measures change observable at change-over. 


In addition to the changes in intensity 
at the center of the screen, at the time 
of a change-over, changes in unbalance 
of illumination on the screen may also 
be observable. Figures 4 and 5 show 
how the side and corner unbalance 
differed between the two (or more) 
projectors in the 122 theaters. Two 
factors contribute to a change in un- 
balance of sides and corners. One of 
these is the change in magnitude of 
unbalance in going from one projector 
to the other, and the other factor is a 
change in direction of the unbalance. 
For example, if the side of higher in- 
tensity is on one side of the screen with 
one projector and on the other side of 
the other screen with the other pro- 
jector, then this would produce a 
noticeable shift of unbalance at a change- 
over even though the magnitude of 
unbalance were the same in both cases. 
This was measured by combining the 
numerical magnitude of unbalance in 
such cases and these theaters are repre- 
sented by the shaded portions of Figs. 
4 and 5. Approximately one-quarter 
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to one-third of the indoor theaters and 
review rooms experienced such changes 
in position of side and corner of highest 
intensity at the change-over. 

Figure 4 shows that about one-third 
of the theaters experienced a 0 to 10% 
change in side unbalance. Almost half 
experienced a change in unbalance of 
more than 20%. Figure 5 indicates 
that the change in corner unbalance 
runs slightly greater than the change in 
side unbalance. It is to be noted that 
the large changes in unbalance are 
contributed primarily by the shaded 
portions and represent, therefore, a 
change in position on the screen of the 
side or corner of higher intensity. The 
change of unbalance of the review rooms 
is much less than that of the theaters, 
as would be expected from the smaller 
unbalance of the individual review-room 
projectors as shown in Figs. 1 and 2. 


Summary 

These data have indicated that many 
theater screens are illuminated in a 
noticeably and in some cases objection- 
ably unbalanced manner considering 
both individual projectors and also 
change-overs between projectors. The 
much better balance of the review-room 
screens is believed to indicate the 
practicability of theater improvement. 
Many factors can probably contribute 
to such improvement, ranging all the 
way from installation of better designed 
equipment in some cases to simply better 
adjustment and operation of existing 
equipment in other cases. 

The Screen Brightness Committee 
recognizes a primary responsibility in 
setting up workable recommended prac- 
tices regarding intensity and distribution 
of screen illumination which will insure 
effective projection of motion pictures. 
However, until these are formulated, 
many of the undesirable situations can 
be greatly improved by better attention 


to the details of operation and main- 
tenance of existing equipment. 
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Discussion 
E. R. Geib: 1 believe that this committee 

should be complimented for the work done 

so far, as these facts will be very beneficial 
to the industry. Now, I would like to ask 

one question. I think he has i 

answered it already, and that is I assume 

that the intention of the committee is to 

continue the work by establishing a 

standard of uniformity of light from side-to- 

center, from corner-to-corner, also 
the ratio of the light from side-to-center. 

active projects. e haven’t anything to 
report on them yet, but we’ve given a good 
deal of time to discussion of them. We 
feel that the portion dealing with main- 
taining the screen and balance, that is 
side-to-side and corner-to-corner, both on 
the same screen and between projectors, 
is something for which we can arrive at a 
workable recommendation fairly quickly. 
The other, as to just what the distribution 
should be, whether it should be 80%, 
100%, 65% side-to-center, is going to be a 
more difficult job. 

Mr. Geib: Harry Rubin of Paramount 
Pictures has just suggested that this work 
be continued because it is going to lead 
to better projection. 

Dr. Lozier: We certainly hope so. We’re 
meeting very good cooperation from various 
people who are looking forward to ap- 

ance of this information in the Journal. 
material will then be -available to the 
public to use in any way it sees fit. 


The Committee W. W. Lozier, Chairman 
Herbert Barnett W. F. Little 

L. J. Patton 

Leonard Satz 

J. W. Servies 

B. A. Silard 

Allen Stimson 

C. R. Underhill, Jr. 
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70th Semiannual Convention 


Close technical ties between movies and 
TV were a “natural” phenomenon clearly 
apparent throughout the Society’s 70th 
Semiannual Convention in Hollywood last 
month. From the luncheon at the Holly- 
wood Roosevelt Hotel on Monday, Oc- 
tober 15, to the closing session on Friday 
evening, 600 engineers who took part 
repeated over and over the movies-TV 
theme. Not only did registration hit a 
high mark for West Coast conventions, 
but also attendance at the luncheon and 
at the Wednesday banquet far exceeded 
expectations. Even the heavier-than-usual 
program of 65 technical papers closely 


[We convened] our 70th Semiannual 
Convention with a much rosier picture 
than prevailed at the time of the New 
York meeting last spring. Since then a 
concentrated program of selling enter- 
tainment to the public has been under 
way. The motion picture industry has 
rediscovered the few million people who 
are willing to spend money to see good 
motion picture entertainment, and the 
actor, writer and director ambassadors 
of good will are speeding to the four 
corners of the country to stimulate at- 
tendance in the motion picture theaters. 

All this is as it should be—a deliberate 
and successful effort to attract the famous 
entertainment dollar. 

Coast-to-coast television was initiated 
with the signing of the Japanese Peace 
Treaty in San Francisco. Theater tele- 
vision is developing by leaps and bounds, 
stimulated by special showings such as the 
Robinson-Turpin fight in New York. I 
believe that movies and television are now 
finding a common ground for their mutual 
benefit and will complement each other. 

These developments should encourage 
the members of this organization and their 
associated companies to continue their 
scientific research in the belief that the 
entertainment business will continue to 
expand and that production will need 
better tools with which to work. 

I remarked at the Spring Convention 
on the lack of unified effort between the 
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Get-Together Luncheon Remarks by President Mole 


packed into 12 sessions failed to exhaust 
the energies of technical people who came 
to hear or be heard. 

On the next few pages are luncheon 
remarks made by our President and skillful 
master of ceremonies, Peter Mole, and by 
the guest speakers: Donn Tatum, Director 
of Television, American Broadcasting Com- 
pany, Hollywood, and Jerry Wald of 
Wald-Krasna Productions, Hollywood. All 
three hit the front pages of all motion 
picture and television trade papers and a 
fair share of East and West Coast news- 
papers the following day. 


engineer, producer and exhibitor. I see 
no reason yet to change my views. Nor do 
I see reason to alter my belief that a suc- 
cessful future for the producer and ex- 
hibitor depends upon a close alliance with 
the engineer. 

In the past, the production end of our 
industry has been the recipient of many 
technical advances brought about by 
forward thinking men who had the courage 
to spend time and money on the develop- 
ment of new ideas. From these engineers 
who carried on their work outside the field 
of motion pictures came sound and color. 
Now, in this time of optimism the pro- 
ducers and exhibitors must take the 
initiative. They must push vigorously for 
new technical developments and they must 
be sympathetic to research work in their 
planning. 

Although sound and color came to the 
motion picture industry from outside 
interests, further new developments may 
not materialize in a finished form unless 
the industry shows a willingness to share 
in the program. Equipment manufac- 
turers can no longer be expected to do 
research and development work on specula- 
tion. The exhibitors who plan to use 
theater television or wide-angle projection 
must share at least part of the engineering 
burden. Producers who wish to adopt 
new sound recording methods or improved 
color processes, must share in the develop- 
ment as well. 


= 
e 
A 
| 
a 
i 
if 


' . 


It is our way of business life to risk 
capital—to produce more business and to 
secure greater benefits—and we should 
continue this practice. The time is here 
to complete the cycle on current develop- 
ments. The capital has been ventured, 
It still remains to be recovered through 
acceptance by the industry of technical 


“Television broadcasting and motion pic- 
tures are not mutually exclusive media 
of communication and_ entertainment. 
They will complement each other, each 
occupying its own particular and important 
niche in the lives of the American people. 
A very substantial part of all the television 
programming will be produced on motion 
picture film and the great pool of ad- 
ministrative, creative, artistic and techno- 
logical talent, as well as the magnificent 
production facilities of the motion picture 
industry, will constantly and steadily be 
more and more devoted to the making of 
filmed television programs. 

“When the current allocation problems 
have been resolved and television becomes 
a full-blown national medium as more 
and more television stations come on the 
air, the impact of this new medium will 
work changes in the business and the 
methods of producing motion pictures for 
theater exhibition purposes. There will 
be fewer theaters, film costs will go down 
and there will be fewer motion pictures 
made for theater exhibition than has been 
the norm up to the present time. This 
means that there will be major motion 
picture studio capacity available for the 
making of television films and at lower 
costs than is presently possible. 

“There are many similarities in the 
methods, techniques and objectives of 
television broadcast programs and motion 
picture films, but they are not identical. 
From the creative standpoint, there are 
close analogies in the techniques of writing 
and directing and acting, but writing or 
directing or acting in a television program 
is a different thing from performing the 
same functions in the making of a motion 
picture. The same is true of the technical 
end. Lighting a motion picture for 
theater projection and lighting one pri- 


Excerpts From Address by Don Tatum 


developments already being offered by 
the engineers. 

As for the future: We must go forward— 
focus our attention on other engineering 
advances not yet introduced. And we 
must concentrate on things that hold 
promise of enhancing the entertainment 
values that are the life blood of our in- 


dustry. 


marily for television purposes is different; 
and the requirements with respect to 
scenery and sets and the like are different. 

“The objectives and the end results are 
different. Under our free system of broad- 
casting, the television industry must be 
supported by advertising revenues. As a 
result, more and more we shall note that 
television programming, whether live or 
on film, will come to reflect the necessity 
for constructing and tempering the pro- 
grams so as to best serve the needs and the 
requirements of advertisers while con- 
tinuing to serve the public interest and to 
satisfy the requirements of the television 
viewing public. 

“For the same reasons, the importance 
in television broadcasting of feature 
length motion pictures made primarily 
for theater purposes will constantly di- 
minish. This tendency will inevitably 
result from the different requirements in 
the two media with respect to time of the 
program, costs, production techniques and 
the difficulty of accomplishing with a 
feature length motion picture that close 
relationship between the program content 
and the advertising objective of a television 
program no matter what may be its form. 
For that reason I believe that some of the 
estimates that have been bandied about 
of the enormous potential value of motion 
picture libraries now in the vaults of the 
major motion picture producing com- 
panies will prove to be highly excessive. 

“IT would like to add my confirmation 
to the point of view which I know is shared 
by many of the leaders of the SMPTE: 
that what we should have is a large scale 
independent research program in which 
both our businesses would share and in 
which we would pool our resources and 
know-how, 
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“To those in the television business 
and to those in the motion picture business 
who look upon each other with distrust, 
suspicion and sometimes scorn, I would 
say forget your differences and accept 
each other because that is what you are 


inevitably going to have to do. To those 
in the motion picture business who say 
that television is simply an extension of 
the art of making motion pictures, let me 
say that you are wrong and that there 
will be no complete marriage of the two.” 


Excerpts From Speech by Jerry Wald 


“Thirty-five years ago, you engineers 
joined up with a business which, primitive 
as it was, entertained an easily satisfied 
public, and made good money. 

“It would have been easy then to say, 
‘The public likes these cowboy and Indian 
thrillers, and custard pie tossing orgies, 
even though they shake like a shimmy 
dancer. As long as the customers cheer 
when the cavalry rides to the rescue, and 
howl when the comic takes a pratt fall, 
or receives a pie in the face . . . why bother 
about the shakes and shimmies, the 
flickers and the frequent blackouts? Let’s 
don’t throw a monkey wrench into a 
machine that turns out dimes and nickels, 
faulty as it is.’ 

“Luckily, the inventive mind doesn’t 
work that way. You engineers went to 
work on the machine, and you’ve been 
working on it ever since. As a result, 
you’ve got us one that turns out dollars 
instead of nickels and dimes. 


“The creative end of our business . . . I 
don’t like that term because if any people 
in this business are creators the engineers 
are... but I’ll use it for want of a better 
one .. . has of course advanced with you. 
Sometimes I feel we’ve been pulled along. 
Again, the advances have been made by 
sheer inspiration, and, again, by careful 
plodding and intelligent planning.” 

Mr. Wald went on to discuss the much- 
discussed health of the motion picture 
industry and expressed a robust optimism 
with the reminder that he and his partner 
Norman Krasna have recently launched a 
$50,000,000 production schedule at RKO, 
consisting of 60 motion pictures to be 
filmed over a five-year period. 

“With your continued magnificent tech- 
nical assistance,” he concluded, “we will 
achieve a future that will, by comparison, 
make the golden past seem like the dark 


Following Jerry Wald’s spirited address 
at the Monday luncheon, our Society’s 
David Sarnoff Gold Medal! was presented 
to the initial recipient, Otto H. Schade, 
for technical contributions to television. 
A full story about this portion of the 
Monday program will appear in the 
December Journal along with a detailed 
account of several other awards including 
the Warner and Progress Medals which 
were presented during the Wednesday 
evening banquet. A complete and ac- 
curate list of all papers presented during 
the 70th Convention arranged in order of 
actual presentation and including the 
names of all authors with company 
affiliations will be the last item in the 
December Journal. 

Technical sessions Monday afternoon 
and evening at the Hotel and Tuesday 


evening at CBS’ Studio A concentrated 
heavily on television. High-speed photog- 
raphy papers filled the Tuesday morning 
and afternoon sessions while on Wednesday 
a group of “high speeders” were guests of 
the Naval Ordnance Test Station at 
Inyokern, Calif. On Friday morning 
another group participated in a desert 
photographic experiment where atmos- 
pheric conditions were favorable and 
they could concentrate on certain philo- 
sophical rather than technical aspects of 
rapid motion photography. 

The Wednesday morning session at the 
Hotel was devoted to 16-mm film and 
its use in television and training. After 
a 1}-hour warm-up on formal papers 
there was a most enthusiastic panel discus- 
sion of the 16-mm emulsion position 
question. Difficulties have occurred in 
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the use of 16-mm prints for television 
broadcasting because certain methods of 
film production yield 16-mm_ release 
prints with emulsion facing the projection 
lamp, the nonstandard position. When 
nonstandard release prints are spliced 
together with prints having standard 
emulsion position the broadcasters have 
picture and sound focusing troubles that 
are rarely predictable. This problem 
and what can be done about it were con- 
sidered verbally and at length. The 
entire discussion was recorded and has 
been mimeographed for distribution to all 
participants for review. It will be printed 
in full in an early issue of the Journal. 
Echoes from the emulsion-position debate 
were still reverberating when the labora- 
tory session was called to order Wednesday 
afternoon. 

As in most of the Society’s recent Con- 
ventions, magnetic recording occupied a 
fair share of the program. Thursday 
morning and afternoon were entirely 
devoted to papers on this subject, supple- 
mented by an unscheduled but well at- 
tended forum on proposed standards for 
35-mm magnetic-track placement that 
followed the last morning paper. The 
discussion ran until after 1:30 p.m., forcing 
a thirty-minute delay in the start of the 


afternoon papers. Conflicting recom- 
mendations were based upon conflicting 


performance data. Because eventual 
American standards for track location 
will be with us for a long time to come 
they must have a broad and acceptable 
basis in experience; therefore the entire 
discussion will be published in the earliest 
possible issue of Journal. 

Several different types of three-color 
motion picture release print films were 
described and demonstrated during the 
session on Thursday evening at the Re- 
public Studios scoring stage. Papers on 
various aspects of lighting were grouped 
into the Friday afternoon session at the 
Hotel. That evening the past caught up 
with the future at the Paramount Studio 
Theater where several methods of pro- 
ducing pseudoscopic and stereoscopic mo- 
tion pictures were described and demon- 
strated with varying degrees of clarity. 

As the final session ground to an official 
halt, there was unanimous agreement 
that the papers and the local arrange- 


ments committees had really put on a 
show. Everyone was exhausted including 
the usually indefatigable Bill Kunzmann 
who was glad to see his 70th Convention 
in 35 years become one with history 

Special credit for a good job well done 
should go to: 

Fred Albin, American Broadcasting Com- 
pany, Hollywood, Papers Committee 
Vice-Chairman, and in charge of the 
Papers program for the 70th Con- 
vention; 

Charles R. Daily, Paramount Pictures, 
Hollywood, Chairman of Local Ar- 
rangements, who organized the sessions 
held away from the Hotel including 
particularly the special facilities for the 
session on stereo motion pictures; 

Ed Templin, Westrex, Hollywood, in charge 
of public address equipment and dis- 
cussion recording; 

Norwood Simmons, Eastman Kodak, Holly- 
wood, ‘“‘Secretary-General” who planned 
and supervised both luncheon and 
banquet programs; 

Harold Desfor, RCA, Camden, and Walter 
Simons, Altec Lansing, Hollywood, pro- 
ficient purveyors of publicity; and 

Clyde Cooley and Frank Erler who operated 
film and slide projectors at times under 
very difficult conditions. 


Ladies from all corners of the United 
States who attended took full advantage 
of the well organized program prepared 
for them by the Ladies Committee under 
the superior administration of Mrs. Charles 
R. Daily. There were radio and tele- 
vision shows, a luncheon with a costume 
show and tour of Universal Studios, a tea 
at the Beverly Hills Hotel and, of course, 
the Convention luncheon and banquet. 
Headquarters for the Ladies Committee 
remained open all week and became the 
regular gathering place for the fairer 
participants. 

On Tuesday evening officers and staff 
members of the Society were dinner guests 
of the Motion Picture Research Council 
at Chasen’s Restaurant. The men who 
guide the destinies of both engineering 
organizations enjoyed not only the drinks 
and fine meal served with customary 
movie capital hospitality but also welcomed 
the opportunity to talk shop informally for 
a couple of hours with men from different 
ends of the business, including television. 
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Engineering Committee Meetings 

Six Engineering Committees met during 
the 70th Convention; three at the Head- 
quarters of the American Society of Cine- 
matographers (High-Speed Photography, 
Sound, Film Dimensions) and three at 
the Staff Engineer’s suite in the Holly- 
wood Roosevelt Hotel. 


High-Speed Photography. This Com- 
mittee, Chaired by John Waddell, met 
Monday afternoon with an attendance of 
four Committee members and 14 guests. 
The key activities consisted of an outline 
of future Committee work and an effort 
to expand the work of the Society to better 
serve the West Coast high-speed photog- 
raphy members. 


Sound. This Committee, Chaired by Lloyd 
Goldsmith, met Tuesday morning with an 
attendance of 11 members and 15 guests. 
A very considerable agenda was thoroughly 
discussed and concrete action undertaken 
for the future. Key issues were the ques- 
tions of edge guiding and magnetic re- 
cording standards and test films. 


Laboratory Practice. Chaired by John 
Stott, this Committee met Tuesday after- 
noon with 10 members and guests attend- 


Board of Governors Meeting 


ing. Several items of importance were 
discussed and definitive progress made on 
proposals for negative cuing for printer 
light changing and brightness of screens 
in laboratory review rooms. 


Color. This Committee, Chaired by Her- 
man Duerr, met Wednesday morning with 
a rather small attendance of six members 
and guests. The small attendance pre- 
cluded any specific actions, but did permit 
a general but useful discussion on several 
of the projects before the Committee. 


Screen Brightness. Chaired by Wallace 
Lozier, the Thursday afternoon meeting 
of this Committee was attended by 10 
members and guests who discussed meth- 
ods of utilizing the theater survey recently 
completed. In addition, a first draft of 
the revision of the screen brightness 
Standard was agreed upon. 


Film Dimensions. This Committee, 
Chaired by A. C. Robertson (alternate for 
E. K. Carver), met Friday afternoon with 
a total attendance of six members and 
guests. Despite the attendance, there was 
an excellent discussion on low-shrink film 
and a first draft of a Standard was agreed 
upon for circulation to the full Committee. 


The fourth meeting of the Board of Gover- 
nors during 1951 was held on Saturday 
morning, October 13, at the Hollywood 
Roosevelt Hotel in Hollywood, California. 
It preceded by two days the opening of the 


Society’s 70th Semiannual Convention 
also held at the Hollywood Roosevelt, 
and was remarkably well attended. The 
meeting ended early in the afternoon. A 
number of Board members left immediately 
for a chuck wagon dinner sponsored by 
the Theater Equipment and Supply 
Manufacturers Association. 


FINANCIAL 


R. B. Austrian presented the third 
quarterly financial statement and in the 
absence of F. E. Cahill, Jr., Treasurer, 
also read the treasurer’s report. It was 
noted that test film sales, financial aspects 
of publications and all other administrative 
operations were within the limits of the 
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1951 budget. Loss of members who were 
delinquent in payment of dues continues 
to be a serious problem. On September 
30 there were 300 delinquent members, 
each of whom had received two member- 
ship dues bills and two written invitations 
for reinstatement. Although still high, 
this figure had been reduced from 395, 
the total of delinquent members on June 
30, 1951. 

The Board was also advised that while 
recuperating from a recent operation 
Pierre Mertz saw in a New York newspaper 
a list of unclaimed monies in the Chase 
National Bank. He discovered that the 
list included a “Society of Motion Picture 
Engineers, address unknown.” Dr. Mertz 
notified headquarters and Mr. Muskat 
contacted the bank, arranging to pick up 
an amount of $101.00 that was found to 
be an unclaimed foreign bank draft held 
open by the bank since 1936. 
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As Chairman of the Sustaining Member- 
ships Committee Mr. Sponable, Past- 
President, reported that he had recently 
approved the printing of an_ illustrated 
brochure to be sent promptly to all Sus- 
taining members of the Society with an 
individual letter inviting a nominal in- 
crease in Sustaining support. He pointed 
out that this would be the beginning of the 
Society’s Sustaining campaign for 1952 
and would ultimately include invitations 
to a large number of businesses not now 
represented. He received the suggestion 
that the large number of television film 
producers whose work is guided technically 
by the Society be invited to support the 
Society’s technical work through the 
medium of Sustaining memberships. 
ENGINEERING 

F. T. Bowditch, Engineering Vice- 
President, invited the Board’s attention to 
the schedule of six engineering committee 
meetings planned for Convention week. 
A brief report on these committee meetings 
appears elsewhere in this issue of the Journal. 
Nearly all of the engineering committees 
had been busy for the past several months 
reviewing current American standards 
preparatory to listing for the International 
Organization for Standardization the ones 
most suitable for consideration as future 
international standards. In this connec- 
tion he pointed out that there had been 
little real interest among ASA’s Photo 
Correlating Committee in the field of 
international motion picture standards 
and that, consequently, there was little 
enthusiasm for a projected meeting on this 
subject in New York during June 1952. 
Since these were the views generally held 
by engineers in the eastern part of the 
United States, Mr. Bowditch reported 
his plan to sound out a number of West 
Coast opinions on the merits of inter- 
national standards for motion pictures and 
on the projected meeting. 

If held, host for the international meet- 
ing would be Sectional Committee PH22. 
It had been this committee’s view that the 
meeting should be called if a satisfactory 
agenda could be developed by early 1952. 
In that case ASA would be asked to send 
out the official call for the meeting early 
in January so that delegates could make 
their plans in ample time to attend. 

There was also extended discussion of a 


glossary project that had received some 
attention over the past ten years but had 
never been attacked vigorously. Mr. 
Carlson, a Governor and also Chairman of 
the Standards Committee of the Society, 
reported that he had arranged for the 
engineering committees to revive this job 
by working on a number of sections which 
Hank Kogel, Staff Engineer, was, at that 
moment, organizing. 

As a matter of interest it was noted that 
the proposed FCC theater television hear- 
ings were again postponed—from Novem- 
ber 26, 1951, to February 25, 1952. 

Boyce Nemec, Executive Secretary, re- 
ported on a meeting of study group 10 of 
the International Radio Consultative Com- 
mittee (CCIR) which he and G. L. 
Dimmick, Magnetic Recording Subcom- 
mittee Chairman, had attended in Wash- 
ington on September 27. Sound recording 
characteristics was the subject of the session 
and the meeting was under the chairman- 
ship of Neal McNaughton of the National 
Association of Radio and _ Television 
Broadcasters. He was appointed Chair- 
man of the §tudy group at the VI Plenary 
Assembly of the CCIR, which was held 
in Geneva from June 5 to July 6, 1951. 

Purpose of the meeting was the discus- 


sion of recording characteristics for disk 
and magnetic records used in the inter- 
national exchange of radio program ma- 


terial. The technical aspects of the 
problem were not considered by the Board, 
but Mr. Nemec expressed some concern 
over the sudden interest shown by CCIR, 
a telecommunications regulatory body in 
the field of industrial international stand- 
ards. There was an apparent conflict 
with similar activities now beginning to 
move through the ASA-ISO channels 
and Mr. Bowditch offered to look into the 
question more thoroughly with the object 
of forming an official SMPTE policy. 


EDITORIAL 

J. G. Frayne, Editorial Vice-President, 
reported that his share of program ar- 
rangements for the 70th Convention was 
already completed and that the success 
of the Papers Committee had been largely 
the result of efforts by Fred Albin, West 
Coast Vice-Chairman, and E. S. Seeley, 
Chairman of the Papers Committee. Ed 
Templin, Chairman of the West Coast 
Public Address and Recording Committee, 
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had set up and operated the public 
address equipment built by Fred Whitney, 
headquarters engineer. Mr. Templin had 
also arranged to check out all of the sound 
engineers who were scheduled to operate 
the equipment during: the Convention. 
Standardized operating techniques were 
developed and that job was running 
smoothly for the first time in many years. 
Messrs. Frayne and Grignon reported 
upon the work of Grignon’s Society 
Emblem Committee and the Board se- 
lected one of three committee recom- 
mendations as the final emblem to be 
worked into the Journal cover, stationery, 
and perhaps lapel pins. The design had 
been developed by Melvin Stewart, a 
West Coast design student, and Mr. 
Grignon was authorized to convey the 
Board’s gratitude for his serious contri- 
bution. 


NEW SUBSECTION 

C. R. Daily, Chairman of the Pacific 
Coast Section, discussed a request from a 
number of Society members in the San 
Francisco area for permission to form a 
local subsection under the administrative 
guidance of the existing Pacific Coast 
Section Board of Managers. P. A. Wil- 
liams, who served as spokesman for the 
San Francisco group, had cited the sub- 
section provisions of the IRE constitution 
and submitted persuasive argument in 
favor of a parallel organization within 
this Society. The Board resolved to 
authorize such a subsection under the 
proposed arrangement, and Dr. Daily 
was instructed to advise Mr. Williams and 
his associates that the Society would 
support a program of meetings under the 
Pacific Coast Section Board of Managers. 


CONVENTIONS 
W. C. Kunzmann, Convention Vice- 

President, reported that all arrangement 

for the 70th Convention had been crystal- 

lized and that he had made firm commit- 

ments for four additional ccnventions: 

7ist: Hotel Drake, Chicago, Ill., April 
21-25, 1952. 

72nd: Hotel Statler, Washington, D.C., 
October 5-10, 1952. 

73rd: Hotel Statler, Los Angeles, Calif., 
April 26-30, 1953. 

74th: Hotel Statler, New York, N.Y., 
October 1953. 
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For several years the Board of Governors 
had considered the merits of replacing the 
Spring Convention with a series of regional 
meetings, each of perhaps a day’s duration, 
to be held in areas away from the usual 
Convention cities and at times when it was 
unlikely that local people would be attend- 
ing distant national meetings. The notably 
successful regional meetings arranged in 
recent years by the Central Section in 
Cleveland, Toledo and Detroit were 
evidence that members in those cities, 
who are rarely able to attend national 
conventions, will support occasional meet- 
ings “at home.” There was extended 
consideration of Journal and Papers compli- 
cations that might result from such a 
major change in the Society’s convention 
practices. It had also been suggested 
that even if the Society were to continue 
holding two national Conventions each 
year a series of regional meetings would 
be of substantial benefit to the Society 
from a membership standpoint and would 
also give members in areas where there is 
considerable motion picture or television 
activity an opportunity to discuss their 
mutual problems under professional-tech- 
nical auspices. No conclusions were 
reached but the Board will continue to 
keep a watchful eye on such affairs as 
the Central Section regional meetings 
scheduled for Dallas, Texas, on November 
7, and for Chicago on November 10. 


ELECTIONS 
Before concluding the meeting President 

Mole announced the results of the Society 

election for 1951. The following officers 

assume office on January 1, 1952, for a 

two-year term ending December 31, 1953. 

Frank E. Cahill, Jr., Financial Vice- 
President 

Barton Kreuzer, Treasurer 

Fred T. Bowditch, Engineering Vice- 
President 

J. E. Aiken, Governor, Atlantic Coast 

Axel G. Jensen, Governor, Atlantic Coast 

G. W. Colburn, Governor, Central Section 


E. W. D’Arcy, Governor, Central Section 

F. G. Albin, Governor, Pacific Coast 

J. K. Hilliard, Governor, Pacific Coast 
Although all section election returns 

were not completed in time for the Board 

meeting, the new Boards of Managers 

were announced subsequently as follows: 
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Atlantic Coast Section 

E. M. Stifle, Chairrhan, reelected 

H. C. Milholland, Secretary-Treasurer, 
reelected 

Frank N. Gillette, Manager 1952-1953 

John G. Stott, Manager, 1952-1953 

Richard Hodgson, Manager, 1952-1953 


Central Section 


C. E. Heppberger, Chairman, 1952 
James L. Wassell, Secretary, 1952 
Kenneth M. Mason, Manager, 1952-1953 


Engineering Activities 


James E. Dickert, Manager, 1952-1953 | 

William C. Eddy, Manager, 1952-1953 

Reid H. Ray, Manager (appointed to fill 
out Howard T. Nuttall’s term), 1952 


Pacific Coast Section 

Vaughn C, Shaner, Chairman, 1952 

Phillip C. Caldwell, Secretary-Treasurer, 
1952 

Arthur C. Blaney, Manager, 1952-1953 

Linwood G. Dunn, Manager, 1952-1953 

Alan M. Gundelfinger, Manager, 1952- 
1953 


Six Engineering Committees utilized the 
recent 70th Convention as a desirable 
time and place to meet. The highlights 
of the first three meetings are outlined 
below; the other three will be described 
in the next Journal. 


High-Speed Photography 

1. Scope and Name of Committee. Photog- 
raphy has been playing an _ increasing 
role in the solution of diverse engineering 
problems. This fact led the Committee to 
apply to the Board of Governors for a 
change in scope (and name) to encompass 
all such applications. The Chairman 
advised the group that the request had 
been rejected to preclude consideration of 
non-motion picture aspects of photography. 
It was understood, however, that all 
engineering uses of motion picture photog- 
raphy, whether high-speed or not, 
properly fall within the scope of the present 
committee. 

2. West Coast Members. Their problems 
were discussed at length. These stem 
from their desire to have the Committee 
serve a dual function, part Engineering 
Committee and part Society Section. The 
suggestion was made that this latter role 
be correlated with other West Coast 
Section activity. Arrangements for this 
have since been made and Roy Wolford 
has been delegated to work through Charles 
Daily, Vaughn Shaner and the Section 
Program Chairman who still is to be 
appointed. 

3. Future Committee Work. It was noted 
in general terms that a need exists for 


standards in high-speed photography 


equipment and that this would be given 
a high priority at subsequent meetings. 

4. Next Symposium. At the Chairman’s 
request Mr. Painter accepted the re- 
sponsibility for organizing the next sym- 
posium at the coming Chicago Convention. 

5. New Chairman. Mr. Waddell is to 
step down at the end of the year, in 
accordance with requirements of the 
Bylaws, and at that time a new chairman 
will be appointed. 

Sound 


1. Edge Guiding. The recent ballot on 
revision of PH22.41, PH22.80 and PH22.81 
was far from decisive and merely served 
to emphasize the division existing on the 
subject. It was felt that the ballot should 
have contained a more extensive story on 
the pros and cons of the issue. In addition 
a fourth alternative was proposed: guide 
the perforated edge at the picture gate and 
the sound track edge at the sound head. 
A Subcommittee was formed, chaired by 
Malcolm Townsley, to prepare a report 
of all the factors for use as background 
material in a new ballot on the question. 

2. International Standardization. The group 
endorsed the program of international 
standards activity as proposed by Lloyd 
Goldsmith, Chairman, and Fred Bow- 
ditch, Engineering Vice-President. 

3. Nomenclature for Electric Filters, 
PH22.33-1941. This was never an American 
Standard but rather a Recommendation 
(an ASA classification which no longer 
exists). The committee was asked to 
recommend that it be either standardized 
or dropped. The consensus was that it 
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was useful at the time of origin but no 
longer used or needed, and the latter 
recommendation was voted. The next 
step is action by the Standards Committee. 

4. Magnetic Recording Subcommittee Report. 
In the absence of Glenn Dimmick, John 
Frayne made the report. This led to a 
very broad and thorough discussion on 
various aspects of magnetic recording and 
in turn to recommendations to the Sub- 
committee that it give consideration to a 
standard for full-width coated 16-mm 
double-perforated film, additional test 
films, and striped magnetic film. The 
Subcommittee was thanked for its excellent 
work to date. 

5. New Test Film Proposed. The need for 
a scanning illumination intermodulation 
test film in testing 16-mm projectors was 
mentioned and concrete proposals for 
achieving this were agreed on. 

6. End of Term. Lloyd Goldsmith is 
leaving the Chairmanship at the end of the 
year in accordance with the Bylaw require- 
ments. He thanked the Committee for 
its fine support these past four years. 
Laboratory Practice 

7. Negative Cuing Proposal. The Com- 
mittee has been working on this problem 
for quite some time and has finally come 
to the conclusion that the light change 
cuing device would have to be something 
other than a notch in the negative if a 
standard were to be produced. Lloyd 
Thompson of the Calvin Company has 
been working on an electrical cuing 
technique and announced at the meeting 
that this has been perfected, and is avail- 
able, patent clear, to the Committee for 
standardization. This offer was accepted 
with thanks and plans were made to 
circularize all committee members and 
laboratories for comments. 

2. 16-Mm Review Room Screen Brightness. 
After a thorough discussion of the problem 
and a review of recent survey results it 
was decided to attempt standardization of 
the screen brightness of laboratory 16-mm 
review rooms. A Subcommittee formed 
previously was asked to draft a proposed 
standard specifying 14 ft. candles + some 
tolerance, use of a white matte screen and 
the type of meter to be used in making the 
measurement. This will also be circulated 
to all committee members and laboratories. 

3. Chemical Engineering Abstracts. John 
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Stott, Chairman, called attention to the 
“Chemical Corner” recently established 
in the Journal, consisting of items and 
abstracts of interest to laboratories. He 
praised Irving Ewig for the one-man job 
he has been doing on this and noted the 
difficulty of one man continuing the job 
all alone. He asked all committee mem- 
bers (and any others who may be in- 
terested) to send Ewig items of interest 
from their varied reading, to keep this 
corner alive.—Henry Kogel. 

Inter-Society Color Council Meeting 

The Inter-Society Color Council is 
preparing its program for the 1952 Spring 
meeting to be held February 7-9 at the 
Statler Hotel in New York. The theme 
of the meeting is to be “Color in Science, 
Art, and Industry.”” The subject matter 
for the two days is divided between the 
techniques in the study of color itself, and 
the various uses color is put to in our time. 
Some of the topics to be discussed the 
first morning are, “The Color of Oils,” 
Procter Thomson; ‘Functional Color,” 
Faber Birren; ‘‘Color Reproduction,” 
Arthur C. Hardy; and “Color in Tele- 
vision,” Peter C. Goldmark. In the 
afternoon, Deane B. Judd will report on 
the ICI meeting at Stockholm; W. D. 
Wright and Ralph M. Evans, respectively, 
will discuss “Color in Relation to Vision 
and to Photography.” 

The following day such subjects will be 
discussed as the “Appearances of Color,” 
Harry Helson; ‘Merchandising of Color,” 
Kenneth C. Welch; “Color in Abstract 
Movies,” A. H. King; “Color for In- 
teriors,”” Gladys Miller; ‘Textiles,’ E. I. 
Stearns; and “Artists Colors,” Martin 
Fischer. In the evening, I. A. Balinkin 
will present a special demonstration of 
“Color Phenomena.” At the morning 
session on February 9 reports of technical 
committee activities will be received and 
discussed, and delegates of each of the 
21 member associations will summarize 
their 1951 activities in color. 

An exhibit, to be held as a part of this 
annual meeting, promises considerable 
interest. Over half of the ISCC’s Member 
Bodies already have agreed to take part, 
and certain of the technical committees 
will prepare exhibits relating to their work. 
By means of these exhibits members may 
become acquainted with the many prob- 
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lems and activities of ISCC member 
associations. 

The Nominating Committee of the 
ISCC has announced the following slate 
for 1952-53 officers: Chairman, E. I. 
Stearns (AATCC and IMG); Vice- 
Chairman, C. R. Conquergood (NAPIM 
and IMG); Secretary, Dorothy Nickerson 
(OSA and IMG); _ Treasurer, Norman 


Book Reviews 


Macbeth (IES); and Counsellors, I. A. 
Balinkin (outgoing Chairman (ACerS)), 
Waldron Faulkner (AIA), Gladys Miller 
(AID), Procter Thomson (AOCS), and 
Frank J. O’Neil (AATCC and IMG).— 
Dorothy Nickerson, Cotton Branch, PMA, 
U.S. Dept. Agriculture, Washington 25, 
D.C, 


Ideas on Film (A Handbook for the 16- 
Mm Film User) 


Edited by Cecile Starr. Published (1951) 
by Funk & Wagnalls Co., 153 E. 24 St., 
New York 10. i-xix + 238 pp. + 11 pp. 
index. 6 X 9 in. Price $4.50. 

The main purpose of this volume is to 
acquaint nontheatrical film users with 
the problems of production and sponsorship 
of documentary and educational pictures, 
and to suggest criteria of choice to the ever- 
increasing legions of these consumers. 
Miss Starr, as Nontheatrical Film Editor 
of the Saturday Review of Literature, has used 
wisely the columns of her magazine to 
serve precisely that end, and the articles 
of a score of her distinguished contributors 


form the body of this intelligent and 
articulate book. 
The multifaceted aspect of the non- 


theatrical field is examined by such 
experts as Rudolph Arnheim, Julien 
Bryan, Kenneth Macgowan, Arthur Meyer, 
Raymond Spottiswoode, Willard Van 
Dyke and many others; each in his own 
sphere scrutinizes the challenge of the 
“idea’”’ film and discusses its prospect as 
an expanding factor in our country’s 
intellectual maturing. Miss Starr herself 
contributes important articles on a variety 
of subjects, in addition to selecting a list 
of reviews of some 200 top documentary 
and educational pictures, and compiling 
other essential data for the users of 16-mm 
film. 

The foreword, by Irving Jacoby, tackles 
the basic problem of these films’ purpose, 
which is “essentially to influence what 
people think.” ‘‘In these troubled days,” 
writes Mr. Jacoby, “when our freedoms 
and our dignities are under attack from 
all sides, we may not at first like the idea of 
being ‘influenced’ or even of ‘influencing,’ 


for the word carries overtones of violence, 
expediency, and even contempt for the 
object that is to be won, changed, and 
redirected: the human mind.” This clear 
understanding of the nontheatrical film’s 
“propaganda” mission establishes, with 
eloquence and persuasion, the proper 
perspective for the whole book. 

Miss Starr’s collaborators are well aware 
of this essential nature of their chosen 
field, and their substantial measure of 
success in its theoretical and practical 
manifestations is what makes Ideas on 
Film a valuable and penetrating con- 
tribution to our grasp of the complexities 
of our times.—George L. George, Screen 
Directors Guild, New York. 


Fundamentals of Vacuum Tubes 

By Austin V. Eastman. Published (1949) 
by McGraw-Hill, 330 W. 42nd St., New 
York 18, N.Y. i-xxi + 600 pp. + 30 pp. 
appendix + 13 pp. index. 460 illus. 
6 X 9 in. Price $6.00. 

Updating a long-valuable reference and 
study text, this third edition has revisions 
occasioned principally by natural advances 
in electron tubes. In the main, the 
changes are those which new types have 
made necessary, and many obsolete tube 
types have been deleted. Specific im- 
provements over the second edition include 
a more complete description of the phe- 
nomena of current flow through gases, an 
enlargement to more useful size of many of 
the charts depicting tube characteristics, 
and a revised treatment of audio amplifiers 
to include the concept of gain treated as 
a vector, taking into consideration the 
phase angle of the amplifier and its effect 
on absolute gain and frequency response. 

In view of the widespread use of voltage- 
multiplying circuits in many current 
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electronic applications, the information 
on this subject has been enlarged appre- 
ciably. A general rearrangement of much 
of the material provides separate chapters 
on modulators and demodulators, with 
much new material on pulse-width, pulse- 
time, and pulse-amplitude circuits, with a 
satisfactory analysis of these relatively 
unfamiliar applications. The material on 
power series analysis has been expanded 
into a separate chapter with improved 
clarity and usefulness. 

As in previous editions, the referencing 
to earlier literature is complete and thor- 
ough, making the book one of value to the 
student as well as to the more advanced 
reader who may use the volume as a 
refresher.—C. G. McProud, Editor, Audio 
Engineering, 342 Madison Ave., New 
York 17, N.Y. 


Kino Geraete Technik 


By Dr.-Ing. Harald Weise. In German. 
Published (1950) by Akademische Ver- 
lagsgesellschaft, Geest & Portig K.-G., 
Leipzig C 1, Germany. 364 pp. Many 
schematic and line drawings. 16 pp. 
supplement of equipment photographs. 
6 X 8'/, in. Available in U.S. from 
Stechert-Hafner, Inc., 31 East 10th St., 
N.Y. 3. Price $5.00. 

It is rare that one encounters a com- 
parative work on mechanism design which 
manages to present a thorough study of 
the fundamental kinematics, as well as 
complete functional descriptions of the 
equipment, In the German-language 
volume, Kino Geraete Technik, the designer 
of motion picture apparatus is fortunate 
in finding just such a work. 

This is the first part of a proposed two- 
volume set on substandard (8-mm and 
16-mm) motion picture equipment, of 
which the volume here reviewed deals 
with cameras. Volume 2 will deal with 
projection apparatus. The author says 


in his foreword that additional similar 
works on theatrical (35-mm) and still 
equipment are in preparation. 

Anyone familiar with the problems of 
optical and mechanical mechanism design 
is likely to be awed by the painstaking 
detail with which each component of the 
many makes of equipment has_ been 
analyzed. The author has reduced to 
their fundamental principles film drives, 
intermittent movements, film paths, regis- 
tration devices, mirror and prism systems, 
shutters, motors, governors, counters, 
magazines, etc. The task seems all the 
more impressive when one notes the 
author’s statement that his data were 
derived primarily from sample units, 
photographs, catalogs, and technical pa- 
pers, and only in rare instances from 
manufacturers’ drawings. Thus the book 
is truly a monumental achievement in 
careful measurement and analysis. 

It is this exceptional accuracy, and the 
care taken to preserve correct proportions 
and “‘unitless” diagrams, which make 
Kino Geraete Technik so valuable to the 
motion picture equipment designer. In 
addition, manufacturers and _ personnel 
utilizing motion picture apparatus in 
research work and photographic instru- 
mentation will be able to gain much 
qualitative and quantitative information 
from this book. 

From its early chapters on the basic 
physical and physiological factors of the 
motion picture medium, right through its 
exhaustive bibliography and pictorial sup- 
plement, the work is clearly and concisely 
written, and liberally illustrated with 
diagrams and graphs. An effort has been 
made to trace the historical evolution of 
many of the mechanisms, giving an insight 
into the trial-and-error progress of the 
art, and pointing the way toward future 
development.—Peter V. Norden, J. A. 
Maurer, Inc., 37-01 31st St., Long Island 
City 1, N.Y. 


Journal indexes covering the thirty-four years from 1916 through 1950 may be pur- 
chased from Society Headquarters. 


1916-1930 $1.25 1930-1935 $1.25 


1936-1945 $2.00 1946-1950 $1.50 


SMPTE Officers and Committees: The roster of Society Officers and the 
Committee Chairmen and Members were published in the April Jeurnal. 
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Style and the Journal 


Style is a small but important aspect of 
editing this Journal. The staff is preparing 
a Style Manual for which suggestions are 
welcomed from contributors to, as well as 
readers of, the Journal. 

The Style Manual will contain the usual 
specifications and advice for the physical 
arrangement, organization and presenta- 
tion of Society papers, which are aspects 
currently being very well accomplished by 
most authors for the Journal. 

This Journal, like all periodicals, is copy- 
edited in accordance with chosen rules of 
spelling, punctuation and abbreviation. 
These rules and lists of examples will make 
up a large portion of the Style Manual. 
The Editor would like to hear from any 
readers who have pet peeves or favorites in 
matters of style. 

The Journal’s style is being continually 
evolved on the basis of experience with the 
Journal’s own subject matter. The style 
does, however, generally follow these stand- 
ard reference works: the Merriam-Webster 
Dictionary, the American Standards Asso- 
ciation’s “Abbreviations for Scientific and 
Engineering Terms, ASA Z10.1-1941,” 
the American Institute of Physics’ “Style 
Manual,” the American Chemical Society’s 
‘List of Periodicals,” ‘Subject Index,” and 
its “‘Directions for Assistant Editors and 
Abstractors of Chemical Abstracts.” 

The Merriam-Webster Dictionary covers a 
surprisingly large number of points of style 
in motion picture and other technical 
terminology, a few examples of which are: 
by-pass, cutoff (as noun), disk, infrared, 
nonlinear, selsyn and theater. We cannot, 
however, always follow the dictionary be- 
cause the dictionary is a reference of re- 
corded usage and we must often lead in 
establishing usage. The Style Manual will 
list deviations such as the following: 
blackbody, overall, peephole, viewfinder 
and wavelength. 

Abbreviations are used whenever it is 
believed they make reading easier and 
faster for the average reader. The abbre- 
viations are almost always those in ASA 
Z10.1-1941, although that document is 
not always the last word since it is now ten 


years old. For instance, ASA gives mega- 
cycle spelled out; we use mc. Not so 
readily resolved is the abbreviating of 
cycles per second. ASA shows “spell out 
or use c”’; the American Institute of Physics 
says abbreviate as cps. Using c or cps 
would appear logical, but in the Journal 
we often have the term frames per second, 
which cannot become fps because that 
stands for feet per second; therefore the 
Journal now uses cycle/sec and frame/sec, 
although in simple references it ‘is accept- 
able to say 60-cycle power rather than 
60-cycle/sec power. 

The Journal now uses the abbreviations 
16-mm and 35-mm in text and 16-Mm 
and 35-Mm in display lines. There are 
many variations current and it seems time 
to adopt one which is especially suited to 
our field — 16mm and 35mm. This seems 
less appropriate for 8mm, 174mm and 
32mm, but for the sake of consistency they 
should also be used. It is felt that 16mm 
and 35mm are customary enough so that 
the extended usage will read easily and not 
obtrude on the reader. 

The brief exposition above has been put 
as impersonally as possible because the 
parts of style dealt with are those few 
matters which must be consistent through- 
out the publication and cannot be left to 
the personal choice of Journal writers; 
however, particularly at this time, any 
expression of personal preferences and the 
reasons therefor, on any points of copy- 
editing style, will be welcomed. Also, please 
advise the Editor whether you would be 
willing to review parts of the Style Manual 
if it were mimeographed for circulation 
and comment. 

While we are crystallizing these details, 
the editorial policy will continue to be that 
of adhering to as much of each author’s 
individual style as will not seriously de- 
tract from the efficient reading and enjoy- 
ment of his paper. Indeed, there is now in 
process a paper which will probably be 
published with the pronoun “I” sprinkled 
throughout. We are not going to rewrite 
or revamp papers so that they all read alike 
in the Journal. 
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New Members 


The following members have been added to the Society’s rolls since those last published. 


The designations of grades are the same as those used in the 1950 MemBersHiP Directory. 


Honorary (H) Fellow (F) 


Ahern, William R., Lighting Director, 
National Broadcasting Co. Mail: 63 
Laurel St., Floral Park, Long Island, 
N.Y. (M) 

Atchley, Dana W., Jr., Engineer, United 
Paramount Theatres, Inc. Mail: 6 
Chandler St., Lexington, Mass. (M) 

Baker, C. T., Jr., Presbyterian Minister, 
Visual Aids Producer. Mail: 1122 
Greenfield Ave., Nashville, Tenn. (A) 

Barragan, R. W., Engineer. Mail: 1043 
Park, El Centro, Calif. (A) 

Betts, Howard B., Vice-President, Opto- 
mechanisms, Inc. Mail: 1079 E. 28 
St., Brooklyn 10, N.Y. (M) 

Boggs, Chester A., Engineer, Centu 

ngineering, Inc. Mail: 1938 Mill 
Rd., South Pasadena, Calif. (M) 

Boots, Paul K., School of Radio Tech- 
nique. Mail: West Side YMCA, 5 
West 63 St., New York 23, N.Y. (S) 

Boylan, Edward M., Sensitometrist, U.S. 
Army (Reserve—Active Duty). Mail: 
44 Holden St., Rochester, N.Y. (M) 

Coleman, R. E., Manager, Kearse Theatre. 
Mail: PO Box 1133, Charleston 23, 
W.Va. (M) 

Dula, Arthur M., Photographic Engineer, 
Engineering and Technical Div., Signal 
Corps. Mail: 505 East Westmoreland 
Rd., Falls Church, Va. (A) 

Duncan, Charles B., Sound Engineer, 
Standard Theatre Supply Co. Mail: 
219 South Church St., Charlotte, N.C. 


(M) 

Golan, Joseph C., Superintendent, Pro- 
duction, Eastman Kodak Co. Mail: 
“oo Hills, Rochester 9, N.Y. 

) 

Gordon, Alan, Designer and manufacturer 
of photogrammetric equipment, Gordon 
Enterprises. Mail: 5362 North Ca- 
me Blvd., North Hollywood, Calif. 
M) 

Hockman, Lt. Charles N., Director, Mo- 
tion Picture Unit, University of Okla- 
homa. Mail: 2d Photographic Sq., 
c/o 548 Recon. Tech. Sq., APO 328, 
c/o PM, San Francisco, Calif. (M) 

Kayfetz, Victor F., Producer, Victor 

ayfetz Productions, Inc. Mail: 130 
E. 56 St., New York 22, N.Y. (M) 

Keen, Charles Y., Engineer, RCA Service 
. Mail: 209 Lippincott Ave., River- 

ton, N.J. (M) 
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Active (M) 


Kilbrith, Donald Wilson, Radio Engineer, 


Associate (A) Student (S) 


International Broadcasting Div., U.S. 
Department of State. Mail: American 
Embassy, Manila, APO 928, c/o PM, 
San Francisco, Calif. (A) 

Klingenstein, Paul, Executive, Kling 
Photo Supply Corp. Mail: 235 Fourth 
Ave., New York 3, N.Y. (A) 

Kuzmanov, Alexander, City College of 
New York. Mail: 20 W. 26 St., 
New York 10, N.Y. (S) 

Libberton, a A., Motion Picture Pro- 
duction Supervisor, Foote, Cone & 
Belding. ail: 3827 Alta Vista Ter., 
Chicago, Ill. (M) 

Mahler, Joseph, Research Physicist, 
American Optical Co. Mail: 52 Old 
Road, Westport, Conn. (A) 

Marshall, Derek, Motion Picture Supplies, 
Ltd. Mail: 17 Linden Court Apts., 
St. John’s, Newfoundland, Canada. (A) 

Mason, Curtis W., Chief Engineer, KFI- 
TV, Earle C. Anthony, Inc. Mail: 
141 North Vermont Ave., Los Angeles 4, 
Calif. (M) 

Ohba, Saburo, Electrical Engineer. Mail: 
756 a Ohta-Ku, Tokyo, 
Japan. (M) 

Rabinovitz, Jason, Motion Pictures and 
Television, United Paramount Theatres, 
Inc. Mail: 1501 Broadway, New York 
18, N.Y. (A) 

Schantz, Joseph A., Technologist — 
graphic chemistry), U.S. Naval Photo- 

aphic Center. Mail: 2508 North 
ranada St., Arlington, Va. (A) 

Shaaber, Maurice A., Maintenance Super- 
visor, Florida State Theatres, Inc. 
Mail: 2815 Grand Ave., Jacksonville, 
Fla. (A) 

Shelton, Edward E., First Lieutenant, 
Signal Corps Photographic Center. 
Mail: 7 Hunt La., Levittown (c/o 
Hicksville PO), N.Y. (A) 

Streiffert, mig G., Physicist, Eastman 
Kodak ., Bldg. 59, Kodak Park, 
Rochester, N.Y. (A 

Strom, David E., Sales Manager, Text- 
Film Dept., McGraw-Hill k Co. 
Mail: Blackwood La., Stamford, Conn. 


(A) 

Subach, Albert C., Vice-President and 
Treasurer, Optomechanisms, Inc. Mail: 
956 N. Third St., New Hyde Park, Long 
Island, N.Y. (M) 
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Swanstrom, Carl, Television Producer. 
Mail: 7657 Melrose Ave., Hollywood 
46, Calif. (M) 

Thoma, Reinhard A., Motion Picture 
Technician, Bell & Howell Co. Mail: 
1046 Hollywood, Des Plaines, Ill. (A) 

Unger, William H., Executive and Secre- 
tary, Elliot-Unger-Elliot Motion Pic- 
tures, Inc. Mail: 50 King St., New 
York 14, N.Y. (M) 

Walker, Frederick Robert, District Sales 
Manager, Broadcast Equipment, General 
Electric Co. Mail: 1817 Midwick Dr., 
Altadena, Calif. (M) 


Chemical Corner 


Wightman, William W., Electrical Design 
ngineer, Bell & Howell Co. Mail: 
One Wentworth Ave., Chicago, 


CHANGES IN GRADE 


Dunn, Linwood G., Special Effects 
Cameraman, RKO-Radio Pictures. 
Mail: 2000 North Berendo St., Holly- 
wood 27, Calif. (A) to (M) 

Elmer, Carlos H., Photographic Labora- 
tory Supervisor, U.S. Naval Ordnance 
Test Station. Mail: 410 B Forrestal 
St., China Lake, Calif. (A) to (M) 

Freund, Karl, Cinematographer, Photo 
Research Corp. Mail: 15024 Devon- 
shire, San Fernando, Calif. (A) to (M) 


Edited by Irving M. Ewig for the Society’s Laboratory Practice Committee. 
should be sent to Society headquarters marked for the attention of Mr. Ewig. 


Suggestions 
either 


the Society nor the Editor assumes any responsibility for the validity of the statements 


contained in this column. 
interested persons. 


Chamois Fabric ‘“X-Lint” is a fabric 

impregnated with 
““Hycar” latex which has all the properties 
of chamois but wears longer and, the 
manufacturer states, is unaffected by 
chemicals ordinarily harmful to chamois. 
“X-Lint” does not have the ragged ends 
and thin spots of chamois. The manu- 
facturer of this product is Loren Products 
Corp., 101 West 31st St., N.Y. 1, N.Y. 


Dynel filter cloths 
are made of acrylic 
fibers and are 
claimed to be superior to most filter 
materials because they are supposed to have 
good dimensional stability, are mildew-proof, 
easy to clean and nonblinding. Inquiries 
are directed to The Filtration Engineers, 
Inc., Newark, N. J. 


Task of Making Fixer The L. B. Russell 
Greatly Simplified Chemicals, Inc., 

60 Orange St., 
Bloomfield, N.J., manufactures a single 
powder which, when dissolved in water, 
forms a complete, odorless acetic-acid, 
long-lasting fixer. This preparation is 
called Super-Fix. The company states 


New Idea in Filter 
Cloths 


They are intended as suggestions for further investigation by 


that film processed in this fixer will wash 
easily because of the proper adjustment of 
the pH and will have a well-hardened 
emulsion. Furthermore, the hypo which 
is used here is dehydrated, resulting in 
great reduction of bulk. This fixer 
powder eliminates the use of hypo crystals, 
acetic acid and all the other heavy fixer 
chemicals. This should be of interest to 
the smaller laboratory. 


Floor Refinishing ‘Plastic Rock” makes 

a perfectly new, dur- 
able floor in forty-eight hours. It bonds 
well to concrete, wood and steel. It also 
is slipproof and fire resistant. The vendor 
is United Laboratories, 16801 Euclid 
Ave., Cleveland, Ohio. 


Insect and Pest U.S. Industrial Chemi- 
Control cals has developed a 

new type of insecticide 
during World War II which they call 
“Lindane.” It is claimed to be one of 
the most effective modern chemical in- 
secticides. ‘“Lindane” is effective against 
a wide variety of insects and is harmless 
to humans. The address of the manu- 
facturer is 60 E. 42 St., New York 17, N.Y, 


507 


1 
i 
> 
| 
— 


Corrosion-Proofing ‘“‘Zinc-Rech” cold 
With a New Gal- galvanizing com- 
vanizing Compound pound produces an 

electrochemical re- 
action which deposits zinc on steel or iron 
surfaces, thereby galvanizing them. It 
can be applied by dip, spray or brush. 
Inquiries are directed to The Chase 
Chemical Co., 40 W. 29 St., N.Y. 1, N.Y. 


Motion Picture Film In the Heating, 
and the Weather Piping and Air- 

Conditioning Jour- 
nal, vol. 22, H. C. Brush, in his article 
‘How humidity and temperature affect 
motion picture film,” describes some 
interesting relations between temperature 
and relative humidity and various physical 
properties of film such as buckle, curl, 
shrinkage and brittleness. ‘The influence 
of the atmospheric conditions on dust 
control, static, and storage of film is also 
considered. 


New Idea for a A small water 
Small-Capacity Water filter employing 
Filter anthracite coal 


as a filtering 
medium is described in an article, ‘“Foto- 
pak water filter for finishers,” in Photo 
Developments, vol. 24. The unit has a 
capacity of 100 gal/min, and no filter 
cones are needed. 


Dye-Coupling Developers Since the use 
as Toners of uranium 

nitrate 
the toning of motion picture film has been 
discontinued, it is difficult to duplicate 
the color with other toners. It is possible 
now, however, to achieve similar, and 
perhaps an even wider range of, tones by 
the use of dye-coupler developers. In this 
process the highlights are left entirely free 
of stain. The method is described in The 
Photo Lab Index as well as in many other 
such reference books. The chemicals are 


Back Issues of the Journal Available 


obtainable from The Eastman Kodak 
Co., Rochester 4, N.Y. The F. R. Corp. 
has marketed such a_ toner-developer 
under the name of “Develochrome.” It 
is described in Photo Trade News, vol. 14, 
Sept. 1951, in an article by G. Steans. 


Keep Out the Fire Weldwood Fire Doors 

have good insulating 
qualities for maintaining low temperatures 
in the protected areas. In a recent test 
the temperature of an exposed face of 
Weldwood Fire Door stayed down to less 
than 400 F after a 1-hr exposure to flame 
compared to 1000 F and 800 F for other 
fireproof doors. This product is marketed 
by U. S. Plywood Corp., 55 W. 44 St., 
New York 18, N.Y. 


Watch Out for Valuable data on the 
Old Film subject of the composi- 
tion and combustibility 
of nitrate film is discussed in the article 
“The anatomy of nitrocellulose film,” by 
R. A. Mitchell and published in The 
International Projectionist, Feb. 1948. When 
nitrocellulose film decomposes it gives 
off gases which are inflammable and are the 
cause of so-called celluloid explosions. 
The emulsion helps somewhat to slow down 
the combustion. The emulsion leaves a 
black ash and gives off harmful fumes. 


Temperature Control Hanney and Wal- 
Device for Experi- dram, in an 
mental Darkroom article, “Con- 
trolled tempera- 
ture equipment for the experimental dark- 
room,” in The Photographic Journal, Section 
B, July-August 1951, describe a thermo- 
statically controlled water bath which 
keeps solution bottles at a temperature 
of 0.2° and which maintains a stainless- 
steel developing dish at the same tempera- 
ture by a water jacket. Safety devices 
are also described for the protection of the 
equipment which is left unattended. 


The issues of May 1946, August 1946, February—July 1947 and September 1947 to date 


are available at $0.75 per copy from Robert G. Ellhamer, Box 2549, Hollywood Station, 


Los Angeles 28, Calif. 


A set of Journals from October 1938 to the present date, except for the June 1939 
issue, is available at $75.00 for the lot, from Harry Hollander, 21-36—77th St., Jackson 


Heights, L.I., N.Y. 
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New Products 


Further information about these items can be obtained from the addresses given. As in 
the case of technical papers, the Society is not responsible for manufacturers’ statements, 
and publication of news items does not constitute an endorsement. 


Ready-Eddy is the name given a new 
computer for sound film editors by its 
inventor, Henry Roger of Sandy Hook, 
Conn. It provides, with a turn of the 
wheel, correlated data regarding footage, 
projection time in seconds and minutes, 
number of frames per foot and per second, 
and equivalents of 16-mm and 35-mm film. 
One side of Ready-Eddy shows an “F” 
scale, representing feet, on the circum- 
ference of the disk, with four inner bands, 
two indicating seconds and number of 
frames for 35-mm film and the next two 
indicating the same for 16-mm film. The 
opposite side of the disk has two scales for 


time. On the periphery, “S” for seconds 
relates to three adjoining bands indicating 
feet of 16-mm film, number of frames of 
both 16-mm and 35-mm film (in this case 
the same for both) and feet of 35-mm film. 
Scale “‘M” for minutes starts from the 
inside and is subdivided into half-minutes 
of projection time. The two adjacent 
bands indicate the equivalent footages of 
16-mm and 35-mm film, for from 1 to 
454 min. The inventor expects Ready- 
Eddy to be handy for television as well as 
motion picture editors. It is pocket-size, 
made of plastic, and costs $2.00. A plastic 
carrying case is $.50 extra. 
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The 1000 Series Portable Magnetic 
System now being introduced to the 
industry is a direct outgrowth of field 
experience with the earlier 1000 Series 
System previously described in the Journal 
for March 1951. The number of cases 
has been reduced to two as shown in the 
photograph, the two-position mixer being 
on the right and the recorder being on the 
left. The latter houses, in addition to the 
film pulling mechanism, the a-c power 
supply for the channel, the bias oscillator 
and the film monitor amplifier. 

New features of this system include two- 
way talkback equipment between the 
mixer and recordist, a talkback amplifier 
being provided in the recorder housing. 
Another new feature is a synchronizing 
bloop unit which records an audible 
signal when the recorder is up to speed on 
the magnetic film in synchronism with an 
optical bloop in the associated photo- 
graphic camera. 

The system operates from 115 v, single- 


Your Journals bound make a valuable permanent reference. 


phase, 50- or 60-cycle a-c supply, pro- 
vision being also made for motor operation 
from 220 v, 3-phase, interlock or multi- 
duty motor systems. Runback at normal 
speed is provided. The power drain for 
the electronic components is somewhat less 
than 100 w and a 2-amp drain at 115 v 
is required for the single phase motor 
supply. 

The weight of the complete system, 
including cables, is approximately 170 Ib. 
The system is available for 35-, 174- or 
16-mm operation. The track positions 
are in accordance with the proposed ASA 
magnetic track standards for 35- and 16- 
mm films. The recorder may also be used 
as a magnetic film reproducer, equaliza- 
tion being provided in the playback 
amplifier to give an essentially flat response 
from 50 to 8000 cycles when operating at 
90 ft/min. By incorporating some pre- 
emphasis in recording on 16-mm film, a 
flat response to 6000 cycles may be ob- 
tained at the 16-mm speed of 36 ft/min. 


Six issues constitute a 


Volume and should be bound with the special contents page (supplied beginning with 


Vol. 56) and index furnished with each June and December issue. 


For details of 


binding see page 702 of the June 1951 Journal. 
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The Maurer Servo-Sync Camera Drive, 


a new system for synchronized motion 
picture camera operation, providing greatly 
closer time synchronization than heretofore 
possible, is announced by J. A. Maurer, 
Inc., Long Island City, N.Y. 

The system, known as the Maurer 
Servo-Sync Camera Drive System, was 
designed by Origins, Inc., Saybrook, 
Conn., and is manufactured by J. A. 
Maurer, Inc. It is designed to achieve 
a long-sought goal in scientific photog- 
raphy—dependable, consistent, and ac- 
curate operation of a series of motion 
picture cameras taking their pictures at 
the same time to close tolerance. Maxi- 
mum possible deviation of shutter position 
in this system, which utilizes circular 
rotating camera shutters, is less than 1°, 
which at 12 frame/sec is equivalent to an 
accuracy of 23 microseconds. (A micro- 
second is one-millionth of a second.) As 
frame frequency increases, the angular 
accuracy remains essentially unchanged, 
while the time accuracy decreases. For 
example, at 50 frame/sec, the angular 
deviation is still approximately 1° and the 


time accuracy has increased to a maximum 
deviation of 35 microseconds. Due to the 
nature of the continuously rotating system, 
failures common to pulse-operated systems 
are eliminated. Patent rights are reserved. 

The Servo-Sync Camera Drive System 
has been applied to a 35-mm motion picture 
camera of standard manufacture which uses 
interchangeable magazines having ca- 
pacities of 400 and 1000 ft of film. The 
system is not limited to one camera type 
but is equally applicable for use with a 
large number of motion picture, scientific, 
and ribbon-frame cameras, and motion 
picture and process projectors. 

The 35-mm camera system was de- 
veloped for the Wollensack Optical Co., 
Rochester, N.Y. 

Among the scientific and engineering 
applications for which this system will be 
utilized are: data recording, flight testing, 
missile tracking, ordnance evaluation, and 
most applications where two or more 
sources of information must be recorded 
at essentially the same time. 

There is no practical limit to the number 
of cameras (projectors) that may be 
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synchronized by this method. An interest- 
ing use lies in three-dimensional studies 
where two geometrically oriented cameras 
are required for simultaneous recording. 
The system also has application in pro- 
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